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Now...a 
completely 
self-cased, 


_P 


Modular construction makes it possible to 
assemble custom designs from standardized 
components 


Boiler can be proportioned for best combustion, 
heat absorption and gas flow even when space 
conditions are limited or difficult 


Completely self-cased, the VU-60 is an all 
welded gas-tight and pressure-tight envelope 
of finned furnace and boiler tubes. This results 
in less non-working weight per pound of steam 
capacity 


No external ductwork. The bottom of the boiler 
is a plenum chamber which allows air to flow 
direct fromthe air heater to the burner windbox 


Number of field-welded pressure parts 
greatly reduced 


Cross flow baffling and symmetrical boiler 
bank mean low draft loss, no sluggish gas flow 


in any pass 


Requires only a simple, reinforced concrete 
slab. No conventional roller supports required 


Paneled construction cuts erection time 
No air heater supporting steel is required 


For pressurized or induced draft firing 


Capacities 100,000 to 250,000 Ib per hr 
Design pressures 250, 500, 750, 1000 ps 
Steam temperatures To 900 F 
Fuels Oil and, or gas 
Firing Horizontal (front wall) 
or tangential 
Size increments Depth twelve 
Width — eight 
Height three 
Stream drum sizes Four 





The VU-60 Boiler is a new and logical extension of C-E’s 
service-proved VU series. Like all VU units, it is completely 
integrated, symmetrical in design, uncluttered and uncom- 
plicated. Based on a standardized modular concept, it offers 
greater flexibility, yet stays within the bounds of solid and 
proven practice 

The VU-60 is a functional boiler. Completely self-cased, 
the exterior walls of this unit (furnace and boiler) are 
composed of finned tubes, shop welded into panels. The fins 
between panels are field welded to form a gas- and pressure- 
tight structure. Insulation is applied directly to the outside 
of these walls and is covered by pre-formed, field installed 
metal lagging. Thus non-working weight and bulk is 
reduced to a minimum 

The VU-60 is economical, it is dependable, it is accessible 
It is easy to install and will meet your most exacting steam 
needs. Why not write for further information, or, if you 
prefer, contact the C-E office nearest you. 
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Observations and Experiences Resulting From A Precipitator 
Improvement Program . . . 22 
M. J. Archbold 


There have been many proposals, and fewer attempts, 

to establish some standards for precipitator performance. 
This paper, a follow-up to an earlier, basic offering by 
the same author, gives performance dato as against 
equipment criteria to permit intelligent comparisons. 


Economic Thickness of Insulation For Flat Plates and Pipes 


W. C. Turner 


As the author states: "Depending upon cost of insulation 
and the cost of heat, a certain definite thickness of 
insulation provides the lowest total cost.’ He then 
describes the procedure to determine this thickness. 


Fluid Drives for Turbine-Generator Driven Boiler Feed Pumps 
Richard D. O’Neil 


On-the-shaft drives whether mounted on the turbine-end 

or the generator-end for boiler feed pumps will make their 
mark for reliability as much as for economy. Here is a brief 
description of most of the early applications. 
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100° C-E CONTROLLED CIRCULATION 


Late in 1960, C-E’s one hundredth Controlled Cir- ently has more than 2,300 mw of Controlled Cir- 
culation Steam Generator was placed in operation. culation generating capacity, installed or on order. 
Located at Duke Power Company’s Allen Plant, Since the first postwar C-E Controlled Circula- 
this, the fourth Controlled Circulation unit in tion unit was placed in service about eight years 





service at Allen, will soon be joined by a fifth, now ago, this type of unit has established itself as the 
under construction. The Duke Power system pres- design best suited for the 2400 Ib throttle pressure 


ALL TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT; NUCLEAR REACTORS; 
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UNIT NOW IN SERVICE 


range, and has achieved unparalleled acceptance 


throughout the utility industry. Today, units of co M B U STI oO N 


this design are on order, under construction, or 

installed in utility plants the world over. The total = N G I N = = R I N G 
capacity of the turbine generators served is about General offices: Windsor, Connecticut 
30,000 mw. New York offices: 200 Madison Avenue, New York 16 


C-314 


PAPER MILL EQUIPMENT; PULVERIZERS; FLASH DRYING SYSTEMS; PRESSURE VESSELS; SOIL PIPE 
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IT’S NOT TOO EARLY TO THINK OF 
NEXT WINTER’S COAL HANDLING PROBLEMS 


PENNSYLVANIA 
FROZEN COAL CRACKERS 
WILL PREVENT 


e Hopper jams 

e Overloaded conveyors 
e Slowdowns 

e High labor costs 


Get ready now—for the worst con- 
ditions next winter can bring. 
Investigate Pennsylvania Frozen 
Coal Crackers. 

These are the crushers especially 
designed and widely used for 
handling frozen coal at track de- 
livery points and storage yards. 


OPERATION 
Wide feed openings permit use 
of open-throated hoppers. Frozen 
masses of coal are dumped (with 
rotary car dumpers) directly into 
hoppers. No need for grates. Fro- 
zen coal works its way freely to 
the hopper bottom where the 
crackers’ special teeth break it up. 
Result—uniform product with 
limited top-size and minimum fines 
is fed conveyors, providing pro- 
tection from overloads . . . insuring 
continuous flow of coal. 
Breaker plates can be opened in 
warm weather, permitting coal to 
pass without operating crusher. 


30 x 60 Single Roll Pennsyivania Frozen Coal Cracker in service at Merrimack 
Steam Station, Public Service Company of New Hampshire, Concord, N.H. 





OTHER FEATURES 


Built-in tramp iron protection. 
Low head room requirements. 
Easily adapted to existing hoppers. 
Capacities up to 1200 TPH. Avail- 
able in single or twin units. 

Write today for new Pennsyl- 
vania Bulletin 2013... or call your 
nearest Pennsylvania representa- 
tive, 


PENNSYLVANIA CRUSHER DIVISION 
Batu Iron Worxs Corporation 
WEST CHESTER, PENNA. 

* * * 

Over 50 years concentrated experience in 
mechanical reduction. Call on Pennsyl- 
vania with your next crushing problem. 

Representatives from coast-to-coast. 


BATH-BUILT i ib 
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Worthington representative for a com 


plete installation report on the Avon Sta 
tion Unit No. 8. And they will be happy to 
supply further information for your own 
studies. Or write Worthington Corpora 
tion, Harrison, New Jersey. In Canada 


Worthington (Canada), Ltd., Brantford, 


Ontario 


WORTHINGTON 


FOR YOUR PROFIT 
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How to Evaluate Cottrell Precipitators 





How Important Is Precipitator Size? 


Traditional 
Design 
—_ 


Modern 
Design 
+_ 


As shown in these two illustrations, Research-Cottrell's more 


A common fallacy assumes a larger 
precipitator with lower gas velocity is 
preferable to a smaller precipitator with 
higher gas velocity. 


This assumption overlooks important 
economies now obtained with: 

(a) Efficient voltage application. 

(b) Specific control of electrical sections. 
(c) Electrode design improvements. 

(d) Automatic Rapper Control. 

(e) Accurate internal baffling. 


(f) Proper control of gas flow, based on 
three-dimensional model studies. 


Close familiarity with these techniques 
and improvements has made possible 
guarantees of 99 per cent collection on 
large, modern installations. 


A. Applied Voltage 
The relationship between voltage and 
size of the precipitator is approximate ly 
as shown in Figure |] 


Most efficient operation and minimum 
size are obtainable by insuring opera 
thon at Maximum voltage under varying 
conditions of gas flow, particle size, 
resistivity, etc. Generally, the amount 
of arc-over in the precipitator will de- 
termine the practical operating voltage 
limit. By using the arc-over as the mo- 
tivating control factor, through meas- 
urement and integration, maximum 
voltage can be insured at all times. 


B. Sectional Voltage Control 


Since gas conditions vary throughot 
any precipitator, higher efficiencies are 


6 


compact modern design is appreciably smaller than the 


traditional design. 


obtainable if the precipitator is sec- 
tionalized with individual voltage con- 
trol for each section. 





2.0 
VOLTAGE FACTOR 
Figure 1. Curve shows size-voltage factors 








for a given capacity. 





C. Electrode Design 

Efficiency can be seriously affected by 
re-entrainment (that is the re-suspen 
sion of dust that has already been col- 
lected). Properly designed collecting 
electrodes, or plates, providing correct 
baffling to shield the collecting surfac 
igainst the sweeping and scouring ef 
fects of the gas stream can reduce over 
all precipitator size 25-50 per cent 


D. Automatic Rapper Control 
Rapping intensity must vary to meet 
the changing conditions of gas flow, 
particle size and resistivity. Otherwise 
efhciency will decrease due to either 
too heavy a blow causing a re-entrain 
ment, or too light a blow allowing dust 
build up on the electrodes necessitating 
operation at reduced voltages. Auto- 
matically controlled, fully adjustable 
rapping equipment insures optimum 
operation at all times. 


E. Internal Baffling 


Maximum efficiency can only be ob- 
tained by reducing the sneakage (part 
of gas stream which leaks or sneaks 
around the treatment zone) tv an ab- 
solute minimum through the proper 
design and use of internal baffling 
proven by model studies and research 
on full size precipitators. 


F. Gas Flow—Model Studies 


Proper gas flow patterns across the 
face of the precipitator can result in a 
25-50 per cent reduction in over-all 
size. The use of transparent plastic 
three-dimensional model studies as 
well as field research has resulted in 
refinements in design never before 
possible 


Only at Research-Cottrell can you be 

ured of th latest of design tech 
niques and improvements providing 
the most economical se lection of equip- 
ment and efficiency of operation. Re- 

rch-Cottrell personnel, backed by 
nearly a half century of gas 
experience, stand ready at any 


cleaning 
time to 
provide information or service 


or more information rela- 


For details 
tive to the data contained herein. or 
inv other gener | 
tact your nearest Research-Cottrell rep- 


resentative or write directly to 


l Inquiries, picas on- 


Research-Cottrell, Inc. 
Office and Piant: Bound Brook, N. J. 
Representatives in Principal Cities 
of U.S. and Canada. ac223 
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ABOVE: Ameentite® 200 is used in two softeners in this group 
Here the durable polymeric structure of this resin successfully 
resists the action of “aggressive water” which shortens useful 
life of conventional ion exchange resins 


LEFT: Baling of rayon staple fiber at Lowland, Tenn., plant of 
American Enka Corporation 


Enka rayon plant solves 


“Aggressive Water’ problem 
with AMBERLITE 200 


At the Lowland, Tenn... plant of American Enka AMBERLITE 200 also has excellent resistance to bead 
Corporation, water for washing rayon staple fiber cracking from physical stresses. 


and yarn is breakpoir te ‘inated to oxidize impuri- : . 

For more information on AMBERLITE 200 performance 
ties. It enters softeners with 0. residual chlo- ’ 
le ; under conditions that degrade conventional resins, 
rine. Trace metals present the raw water act as 
oe write for our technical bulletins. Also ask for a 


oxidation catalyst I nake the chlorine “ager - 


: 16-page booklet that shows how many different 
sIVE toward ion ex nge resins. Useful life of ; 


industries use AMBERLITE ion exchange resins for 
conventiona! cation re hortened through ade 
specific applications—boiler-water softening and 
crosslinking which weakens the polymer structure. 
, deionizing, chemical processing, and many others. 
increases pressure drop nd promotes channeling 


When AMBERLITE 200 v nstalled in two ol 


American Enka’s ion ex nge units, its revolution- RO-I VI Py 


ary polymeric structure was the answer to “aggres- 


AMBERLITE 200 give onger resin life than con- 


ventional resins ind | wwers operating cost PHILADELPHIA SC, PA. 


AMBERLITE 200 
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Eddystone Station's Unit 1 has a capacity of 2,000,000 Ib /hr at 5000 psig 
and 1200°/1050°/1050°/F ... uses C-E Sulzer Monotube Steam Generator. 


Vulcan Selective-Sequence system provides 
Eddystone Station with precision soot blowing 


When Unit 1 of Philadelphia Electric’s Eddystone 
Station goes into operation, a Vulcan Selective-Sequence 
system will accurately control all soot blowing. 

Selective-Sequence systems were chosen for both units 
1 and 2 at this super-critical station because they assure 
positive, dependable boiler cleaning . . . make the most 
efficient use of the blowing medium 


Vulcan Controller saves time. Without leaving the 
panel, the operator pushes a master button to place the 
system in sequential operation. He can see that each 
soot blower is operating in sequence for the proper inter- 


val with adequate pressure. He can modify the sequence 
to improve cleaning or conserve the blowing medium 
without time-consuming wiring and piping changes 


Vulcan long retractables speed cleaning. With dual- 
motor drive, Eddystone’s T-30’s minimize the danger 
of tube cutting or erosion. Low rotating speed increases 
range and penetration, decreases wear, eliminates whip, 
and permits cleaning with faster traversing speeds. 

Half-’tracts with 19-foot travel, wall deslaggers, and 
air pre-heater controls are also used. For details, write 
Copes-Vulcan Division, Erie 4, Pa. 


Copes- Vulcan Division 


BLAW=-KNOX 
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Panel provides centralized control of soot blowing 
at Eddystone. With the Vulcan SSC-120 Selective- 
Sequence controller, each blower can be operated four 
times during a schedule. or there can be four different 
schedules. The sequence can be varied by means of a 
jack board. Any soot blower can be operated at any 
point in the sequence by plugging one end of a patch 
cord into the blower jack, and the other end into the 
desired sequence jack. Write for Bulletin 1029. 


Wall deslagger conserves steam generated at Eddy- 
stone by three special package boilers. High striking 
power of Vulcan RW-3E drives off gummy masses to 
assure high heat-transfer capacity, and uniform super- 
heat and reheat temperature control. Dual motors are 
used: one speeds the nozzle to and from the blowing 
position, the other rotates it slowly for thorough clean- 
ing. All parts are covered for protection, assuring long 
life with low maintenance. Write for Bulletin 1034. 


Vulcan T-30's have 30- and 37-foot travels. Motors are mounted at the boiler end to facilitate mainte- 
nance, yet away from heat of the boiler wall. Their placement avoids interferences. Write for Bulletin 1030. 
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Diamond developed for more economical power 


MONITORMATIC...NEW SELF-CONTROL 
FOR MORE EFFICIENT BOILER CLEANING 
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Optimum frequency of blower cycling is assured with Moni- 


tormatic Diamond's completely automatic boiler 
cleaning system 

Monitormatic is an automatic method of maintaining 
constant furnace cleanliness and heat absorption. It 
responds automatically to changing boiler conditions and 
eliminates indiscriminate, unnecessary or insufficient 


blowing. Savings are realized through optimum use of 


blowing medium, minimized soot blower maintenance, 
less compressor maintenance if air is used as blowing 


medium, and reduced operator time. It also automatic- 
ally adjusts the cleaning system to fuel changes. 
Monitormatic is readily and economically applicable to 
new or many existing Diamond Selectromatic Systems; 
is another example of why “Diamond Developed”’ means 
more economical power generation. 


At your request, our Engineers will be pleased to evaluate 
the application of Monitormatic to your specific system. 
Call, write or wire for complete information. 


DIAMOND POWER SPECIALTY CORPORATION, Lancaster, Ohio 


DIAMOND SPECIALTY LIMITED, Windsor, Ontario 
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BRANCH OFFICES IN 19 UNITED STATES CITIES « SALES REPRESENTATIVES THROUGHOUT THE WORLD 


HOW YOU CAN SAVE 
MAINTENANCE...INCREASE 
QPERATIONAL TIME WITH 

YARWAY COLOR-PORT GAGES 


Two big problems confronting the operators of high pres- 
sure boilers—excessive maintenance and frequent down- 
time of water level gages—can be solved with new Yarway 


Color-Port Gages 
These Color-Port features will help vou do the job: 


@ Patented spring loading of individual port covers, 
maintains proper pressure on glasses and gaskets 
at all times 


Maintenance work can be done with the gage in 


place. NO TORQUE WRENCHES NEEDED! 


arway Color-Port Gage is simple! Just 


no need for torque wu rench), 
ally is 


® Individual “package” port assemblies (glass-mica- 
gasket) can be replac ed in a few minutes ees - tage NERY IF a 


and replace 
hree minutes. 
These benefits, PLUS brilliant two-color readings (water 
space shows green; steam space shows red), PLUS 
Yarway quality—make COLOR-PORT your best gage Yarway Color-Port Gage installed on boiler at Alan 
buy! 2 Series —1050 psi and 3000 psi Wood Steel Co. Leading industrial plants all over the 
country as well as many major utilities are among 


Write for Yarway Bulletin WG-1815. the hundreds of satisfied Color-Port Gage users. 


NEW COMPACT DESIGN 
WITH ““‘WELBLOC”’ VALVES 
SAVES INSTALLATION SPACE 


New “WV elbloe”’ valves on 
Yarway Color-Port Gages re- 
duce installation space require- 
ments up to 40%. All working 
parts of valves are easily acces- 
ible. Improved direct flow from 
boiler drum to gage, reduces 


temperature differential. 
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DOW RECOVERS 425°F WITH 
LJIUNGSTROM® AIR PREHEATER 


When Dow Chemical Company's 
Westside Power House at Midland, 
Mich., starts up their new 650,000 
lb/hr boiler, more than half the 
waste heat will be recovered 
Ljungstrom Air Preheater 
newest Ljiungstrom (this 
eighth in their system) was de- 
signed to lower stack gas tempera- 
ture from 700°F to 275°F, thus 
recovering 425°F. As a direct result, 


company engineers expect at least 
10% reduction in fuel costs. 

On process stills or boilers—or 
wherever large volumes of heat are 
involved—Ljungstrom Air Pre- 
heaters improve combustion, make 
fuel burn more completely. It’s pos- 
sible to save as much as 20% on fuel. 
All major public utilities use 
Ljungstroms; as do many major 
chemical and petroleum processing 


This 25’ Liungstrom rotor will contain 
a total heating surface of 128,000 aq ft 
Continuous heat recove ry by thie unit 
will booat the temperature of incoming 
combustion air from 100°F to 585°F. 
Every 45-50° F thus returned as preheat 
increases boiler efficiency about 1%. 


companies. Chances are, you, too, 
could benefit. For additional) infor- 
mation, call or write The Air 
Preheater Corporation, specifying 
type of application. 


THE AIR PREHEATER 
CORPORATION 


60 East 42nd Street, New York 17, N.Y. 





HAVE YOU LOST LOAD because of 
COAL FLOW PROBLEMS ?7...if so 
YOU NEED S-E-CO. EQUIPMENT 


Snow and rain, during the last several months, have 
combined with fine coal to cause much operating 
trouble. S-E-Co. Valves, Scales and Feeders are de- 
signed to handle the so-called “real estate” type of 
coal. S-E-Co. equipment will handle the coal all the 
way from the bunker to the feeder outlet in a stream 
24” wide. This large size creates a downward pres- 
sure that keeps the coal moving 

The S-E-Co. Twin 24” Coal Valve at the bunker 
outlet gives two 24” openings. With bad coal, this 
construction will create twin rat holes in the bunker. 
This is a weak condition, and the coal has a tendency 
to cave-in more readily and thus feed. 

S-E-Co. Model 50 Coal Scales have vertical skirt 
plates on both sides so the coal is carried 24” wide on 
the belt. This width of feed gives greater assurance 
of proper flow. 

S-E-Co. Volumetric and Gravimetric Feeders also 
carry the coal 24” wide so they, too, give a good 


account of themselves with hard-to-handle coal. 


S-E-Co. Twin Coal Valves. Coal Scales. Gravimetric 
and Volumetric Feeders give you better equipment 
to cope with the sticking tendency of fine, wet, 


clayey, low grade coals. 


if you have coal flow problems write: 


STOCK EQUIPMENT COMPANY 


727 HANNA BUILDING e CLEVELAND 15, OHIO 


S-E-Co. QUALITY PRODUCTS 


YEAR 
GUARANTEE 


CONICAL NON-SZGREGATING COAL SCALES COAL VALVES 
COAL DISTRIBUTORS Two Basic Sizes to 60” — Many Styles 





COAL STOPPAGE 


a COAL. STOPPAGE 


COAL STOPPAGE 


aa RE 
— Uy ‘ 
£ 


GRAVIMETRIC FEEDERS VOLUMETRIC FEEDERS STOPPAGE ALARMS 
Weigh and Feed Feed Sticky Coals Two Types 


S-E-Co. QUALITY PRODUCTS 





FOxBORO |} 


reactor control-— plant control — 
radiation monitoring ...they’re all on this 
compact Foxboro Electronic Control Panel 


: specihed ro ompany, 2/ ( 
no vacuum ot Foxbor Massachusett 
SKID-MOUNTED Foxboro ( *Reg US. Pat. ¢ f 


enclosed in a pre ctir } - = : et 
lifted” to its Air For <it ‘ f = in Oe 
Wyoming mountains : 
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MYTHOLOGY: The Midas Touch changed objects into gold 


TECHNOLOGY: This ore smelter goes Midas one better—by extracting gold, silver 
copper and zinc from smoke 
Whether recovery or smoke abatement ts the objective, depend upon the 
performance of Koppers Electrostatic Precipitators 
Koppers—a leading manufacturer of gas cleaning equipment for industry 


*Focts available on request 


ELECTROSTATIC PRECIPITATORS 


Engineered Products Sold with Service © Baltimore 3, Maryland 


st; 





IN POWER PLANT FEEDWATER HEATERS 


Anaconda long-length U-bend tubes offer 
higher efficiency and greater economy 


Feedwater heaters play an important 
role in the efficient operation of a 
steam power station ind with to 
days more demanding condition 
the trend is to the use of long-] 

U-bend tube bundles 


in these h 


er pressure higher te mperature hie 


exchangers 

U-bend tube design reduces t! 
her of tube joints to one-half. I 
U-hend tube takes care of its « 


‘ 


stresses There snot 


iske ted joi 


all re sulting In a more econom 


( \pansion 


ing head—one less g 


more compact he iter 
Now Anaconda makes heat exchanger 
tubes to 100 feet. This means U-bend 


tubes with le ipproa ! WW) ter 


ire available And the radius of the 
bend can be as small as 114 times 
the diameter of the tube—or as great 
as 30 inches. Dual-gage tubes are 
wall thickness in 


the irea ot the bends to cut cost 


cle with extra 


ind weight 
With a large family of alloys available 


for heat ex« h invger tubes Anaconda 


can meet almost every requirement 


Fror Arsenical Admiraltv-439 to 
the cupro nickel group, long-lengt! 
U-hend tubes can be made to han 
dle a wick range ot temperature . 


in | pressures 


I 
Specialists at Anaconda are constant 


orking with users and man 


! rent helping to solve indi 


problems This experience is aV\ 


able to vou For more detailec 
formation on duplex tubes, « 


bend tubes 


our Anaconda representative. Or 


as well is | 


Anaconda American Bra 
Company Bufalo Division, Buffalo 
5. New York. In Canada: Anaconda 
American Brass Ltd., New Toront 


Ontario 


ANACONDA 


TUBES AND PLATES FOR 
CONDENSERS AND HEAT EXCHANGERS 


\ Br ( 


write to 
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One way to get heat: 





fil, .. Zeigler Superwashed: Coal 
does tt better! 


vou d have a De vil back. 


using the flames that 


It’s the same high BTU. low-ash, 


cleaner-burning coal as the original . . . now 


in his 14th century even better because it’s SUPERWASHED! 
fut there’s reall 


Always specify Zeigler SUPERWASHED 
t famous Zeigler coal is 


Stoker Coal for complete satisfaction. 


“a - Bell & SVaoller 


COAX COD PSASDaT 


208 SOUTH LA SALLE STREET, CHICAGO 4, ILLINOIS 











SINCE 1886 
sT.LouiIs MINNEAPOLIS OMAHA 
LOUISVILLE DECATUR, ILL 


FOND OV LAC, wis. 
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COLLECTING 
ELECTRODE DESIGN 
ANOTHER REASON FOR 
SUPERIOR 
PERFORMANCE OF 
BUELL 
PRECIPITATORS 








EASE OF HANDLING AND INSTALLATION — Rugged 


? / 
nmicU 


thereby eliminating t 











tm 
O 


HEAVIEST CONSTRUCTION, ONE-PIECE FABRICATION 


Ro! ed, froma 


s of the Buell 


singie piece, the 


tructural desig 


colle 


treneth to retain prope 














reer crs — ACTION” DESIGN — No reen 
rai it of dust in rapping. Each row of ele 
} S rapped separately—in the dire dlelamme)i 
on a continuous cycle. Dust 
jrops in an agglomerated mass, and 
electrodes minimize reentrainment 








Add to this Buell’s exclusive baffling system 
adjustable after installation for uniform distribu- 
tion of gas flow, sealed insulators, rigid, 4-point 
suspension of emitting system, and high emit- 
tance, minimum maintenance Spiralectrodes 
and you have a combination that’s hard to beat. 
You'll be glad you decided on Buell precipitators 
when you experience superior performance and 
minimum maintenance. Buell Engineering Com- 
pany, Inc., Dept. 70-E, 123 William Street, New 


York 38, New York. North- 
ern Blower Division, 6413 
Barberton Avenue, Cleve- 
land, Ohio. Electric Precip- 
itators * Cyclones + Bag 
Collectors * Combination 
Systems « Fans « Classifiers 
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—? 


EDITORIAL 





Air Pollution Control—A Joint Responsibility? 


hure recently published by the John Wood Co. and devoted to 
sight of Air Pollution’’ has been called to our attention rhis 
irnes the very interesting subtitle of \ Partnership for Local 
| sets the background for its proposals with a statement ac 
the president of the United States, John F. Kennedy We 
ffective Federal air pollution control program now 
with everyone else associated with the power generation field 
itched with muisgiving irious Federal governmental overture 
gulation or control of air pollution sources. The John Wood Co 
echoes these misgivings, but it goes beyond a ‘‘wait and see 
ith certain specific proposals. In the main these proposals in 
restricting the Public Health Service to its most tundamental 
ely, the proving of the health effects of a contaminated ait 
hing a fiscal policy in which both government and industry 
uch things is tax relief, small business loans, research and 
funds, since air pollution control and the equipment to effect 
m-profit expenditures to industry in general }) instituting 
cholarship program for training of competent personnel 
o be shared by governm nd industry 4) organizing a 
r house or sounding ) l lat ibet air pollution ibate 
cale but vet e he contr nd the enforcement 
is a local entity 
yposals, of course, a ubjes msiderable pulling and 
pe, their financing, their 1 But in general 
} mitrol’ is a fai 
gencies and general in 
el ioved some sLICCcE 
ely that each industry 
instance Why? We'll 
ur pollution control equi 
enough to contribute 
By and large, thi 
producer Conse 
ontribution toward dev y mo ient and less costly 
whil iti » th {f the compan 
in the perspectiv f a national program Amen 
this quotation the booklet’s plea for a ‘‘partnership 
eserves a further endorserment when you realize that some of the 
tributions toward the better application of dust collectors ha 
m customer studies such as that reported herein, pages 22-34 
Archbold of Commonwealth Edison Co. It is our belief that 
in overall air pollution control from industry sources ¢ 


the shared experiences of control equipment users and 
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As the author points out some very basic studies 
on this general subject were reported by him in 


1956 and 1957. 


In view of the long desired and 


often attempted set of standards for dust collector 
performance this most recent report—objective, 
factual, yet imaginative—is presented here in 
its entirety becouse COMBUSTION believes it 
to be of fundamental value to both the power 
and process industries as well as the equipment 
manufacturers 


Observations and Experiences Resulting from a 
Precipitator Improvement Program 


By M. J. Archboldt Commonwealth Edison Company 


ABLES I and II based upon Commonwealth Edison 
data (Com 
\ug ind since this information 
has probably enjoyed a greater popularity than any other 


System appeared in the first 


1956 Pp S4) 


paper 


BUSTION 


part of the paper, it is being extended and reproduced 
These tables 
precipitator problems and manufacturer's pro 


were made as a guide for the engineer to 
analyze 
Che electrical information was inadequate so 


III has been added 


posals 


Table 


By comparing the data of a 


I--DUST 


‘ 


PRECIPITATOR 


precipitator that performs well with one that does not 
it may be possible to diagnose the problem. It is also 
helpful to make the same kind of comparison with a bid 
in order to judge the proposed performance data 
Precipitators ““R"’ and “T 
lated in Tables I, II, and III 


been placed in service since the first paper was written 


are added installations tabu- 
These precipitators have 
and they have given a good account of themselves by 
producing stack plumes that have been most acceptabl 
and quite clear most of the time 
lo amplify the ‘clear stack said 


is 500 teet 


statement, it can be 


that it is often possible to approach as close 


COMPARISON 


PPPOE SPeee 
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before the plume becom \ ble or before 


be certain that the uni 
he Committee ! mpr 


cipitators’ studied 
lr’ tod 


a visitor can 
yperating 


rvverment of Existing Pre 


precipitators — R ind 


termine the alterations that might be made on 
Pre 
III, was one unit 


other units which were not performing so well 


lables I, II 
was not operating el 
that 

ompares very 


cipitator ““L,”’ reported 


which we had reason believe 


ficiently, and yet its gas velocity 


plate surface favorably 
with ““R’’ and 
items which were not 


Phe 


power to the electrodes 


There are two very significant 


I ible _ I 


ind the se 


tabulated in first is gas and dust 
distribution 

Fig. 1 shows the gen 
The duct turns 


the 


iyout of precipitator ‘‘L 


at the nd outlet are very sharp and 
limited 


usual 


crowded very 
installation of the 
ind after the precipitator 
that 


extremely 


installation has beet into a 


space, thus preventing the 
straight run of ducts before 
the 


distribution 


good gas and dust 
difficult to 
Subsequent field tests, with the boiler cold, showed that 
The 
ur heater preceding the precipitator, undoubtedly, con 
tributed to this beneficial « 
2 shows the 


general consensus 


It was 


would be obtain 


gas distribution was moderately good tabular 


ondition 


Fig velocity in a representative gas passage 


in the inlet of this precipitator, which is almost as good 


as the distribution obtained on precipitators ‘‘R ind 
r’’ under similar test conditions 
gas and dust di 


Since the stribution was acceptabk 
the the amount of 
There were two mechanical rectifiers operating half-wave 
each of 
nnect the rectifier for full 
the 


Fig. 3 


next step was to investigate power 


serving four bus sections on these two boilers 
It was a simple matter to rec 
bus and to connect 
Point 

this 
er the 


wave operation on on outlet 
full-wave on the other 
the efficiency obtained 


which is quite an improvement o1 


spare B on 


shows with irrangement 


original arrange 
ment as shown by point 
there was no 


Since logical to think 


ST PRECIPITATOR (¢ 
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that even more power could be used. It this 
that fully 
rectifiers borrowed from a 


I he 


that this precipitator has only two fields in series and 


for 
wo 


was 


reason four automatic, tube 


50 kv 


struction 


type ma, 


were umit under con 


results were astonishing, considering 
that these tests were run without benefit of wire rapping 
It was necessary, however, to increase the plate rapping 
to maximum intensity during light load periods in an 
After the 
build-up on the wires was fully 1'/» in. in diameter and 
the 


items accounted for some of the reduction of efficiency 


attempt to maintain efficiency i week's run 


turning vanes were also quite dirty hese two 


Che results of these tests are shown as points | to 10 
Fig. 3 where efficiency 
1000 cim of gas is plotted 


ing versus watts per 1000 cfm of gas for the same tests 


inclusive, on versus watts per 


Fig. 4 shows the grain load- 
Table IV shows the maximum loading of current and 

watts per linear foot of wire, per square foot of plate, and 

per 1000 cfm of gas obtained during the tests on pre 

cipitator “L 

and 


the inlet the outlet both 


10 ma which was full rating of the sets 


During the test were 
oper ited at 


Che output of the two sets on the outlet sections was 


increased briefly to 615 ma, causing only moderate spark 


ing his experience was sufficient to prove that larger 
rated at 615 ma 
has, therefore, been shown in the tabulation in Table IV 


Until more tests of 


sets could be used The next size set 
run on other 
precipitators, the test figures in Table IV will be used as 
mark 


studying the data in 


i similar nature are 


a bench or guide his is now being done in 


lables I, II, and II] 


variables involved some judgment must be 


Since there 
are many 
used in making the comparisons, but such comparisons 
will give the engineer a good idea of the expected per 
formance for precipitators listed in Tables I, II, and III, 
which are not performing properly 


As 
for the 


a result of these tests, two full wave, 460 ma sets 


inlet sections, two full-wave, 615 ma sets for the 


outlet sections, four additional plate rappers, eight wire 


rappers, and turning vane soot blowers have been in 


OMPARISO? 





stalled o 
The rectifiers are 
The 
flier capacity installed was a 


At the 


1 one 
Ope rating 
time moderate 


present time it 18 me 


input to the precipitator wa 


precipitator with very 
sparking 


tt known whether the 


ST PRECIPITA 
riFIER 


satisfactory results 


cipally 


ipacity most of the wealth 


indicates that the 


t full « 


recti cipitators 


good chores 


power 


limited by the amount of 


with electron 


using 


gas, plate, wire, or dust load, or whether it was a combi 


nation of all four 
to this cerned prin 


Up point the | 


FROM 
AIR HEATER | 
~ 
) 


CHART SPEED 
3" PER MINUTE 


PRECIPITATOR 




















Fig. 1.-—-General layout of precipitator "L,"’ Tables |, Il, Ill, shows the 
right angle turns of the duct work and the cramped quarters in which it 


was installed 


24 


rectihers 


mechanical rectifiers 


whereas 


the Common 


Edison system operates a larger number of pre 


conside I ible 





Fig. 2.—Representative gos passage in the inlet of precipitator “L" 
duced the above air velocity pattern which indicates a reasonably good 


distribution 
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WAVE 
WAVE INLET, FULL WAVE OUTLE 
HALF WAVE INLET 
LL WAVE-WITH SOOTBLOWING 
BE RECT-FULL WAVE- 





, ) iSO 200 
PRECIPITATOR POWER INPUT-WATTS/IO00 CFM FLUE GAS 


Figs. 3-4—Performance curve above for precipitator “L"’ plots efficiency 
against power input. Point A represents a hookup with the two original 
mechanical rectifiers operating half-wave; Point B is after reconnection 


to put one rectifier full wave on one ovitlet and its spare, full wave on the 


umount of work has been done to obtain better per 


formance from the such as operating with a 


lightly higher output Since 
voltage 
their op 
further 
through 


closer gap Setting al d 


they do not readily let mselves to automat 


control and are usuall; perated well under 


timum ratings to prevent frequent trip-outs 


lection efficiency 


1 the 


efforts toward imp 


their use has beet efforts are now being 


directed toward the u iutomatic voltage controlled 


electronic rectifiers f g collection efficiency 
Table \ 

\ and D 

Edison ha 


shows obtained on precipitators 
This is the first 


tabu 


tihers 
time 


lated the results 


ipitator input and 


Table III 
third 
of this 


In comparing those in 
it will be 


is great It might b le te 


with 
noted that tl ire onlv one-fourth to one 
make 


or larger mechanicals, but 


up some 


difference bv insta 


1 


it 1s Questionable would be advisable since 


they are not would probably operate 


considerably belo required 
In turning recipitators ‘‘H” and “I 


lables I, II, and I whi re 


high capacity ele« sets, a somewhat different 


next on the test schedule 
to use 
roblem is foun hes recipitators are on cyclone 
half as much dust 
this 


furnaces whi possibly 


pulverized-coal furnace but the sizing of ash 


is materially fir 5 hat the power requirement can 
iddition to this, the 


f of that on “L Like 


CONTNICE1V ably be m h vTe if In 
plate surface 
wise, the lengt] i plat ’ tion of gas travel is 30 


is considerably higher 


per cent less 


t 


lo detern power could be added 
making temporary 
for overhaul 
field at 


rectihers 


preliminary . have been run by 
onnections SeTVIce 
that fur mechanical rectif one for each 
full-wave, w Of iti nstead of the two 

This meant the 
vas doubled and this addi 


pitator outlet dust loading 


serving the 
power input 
tional power red 
in half It 


ore power the 


will sting to learn how much 
iall precipitators will be 


ble to accept 
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GRAINS PER FT> AT 60°F 


LOADING - 
} 


STACK 


pe! 

al — i — = 4 — 
50 100 150 200 
PRECIPITATOR POWER INPUT-WATTS PER IOOOCFM FLUE GAS 











other. Points | to 10 are plot points for a series of tests run employing 
four fully avtomatic rectifiers. Fig. 4, right, above, shows stack loading 
in grains versus power input for these same tests 


Gas Distribution Experiences 


rhree dimensional models for gas distribution tests 
have been included in all contracts for precipitators since 
the purchase of ‘‘O Precipitator inlet duct design for 

R” and ‘*T ables I, II, III, followed very closely the 
designs indicated by scale model tests These ducts and 


turning vanes have performed very well when clean 


Fig. 5 shows the dust build-up on vanes in the entrance 
elbow to precipitator ‘‘I’’ and is an excellent example of 
conditions prevailing where no provisions have been made 
for cleaning he polish marks on the side wall shows 
the jet action produced by the restricted inlet vane area 
Chis elbow is now being equipped with soot blowers 
rhe next two figures show the outlet elbow of precipitator 
view of the access door, showing the 


rhe 


bottom turning vane and is approximately 


8 Fig. 61s a 


extent of the dust build-up in the elbow dust 
covers the 
at the distribution plate Since not less 
than one-third of this plate was covered it can be assumed 


iffected the gas distribution 


six feet deep 


that this blockage seriously 

Fig. 7 is a view of the interior through this same door 
rhis figure shows the dust build-up on the upper vanes 
and also the large amount on the outlet distribution plate 
Plans are under way for the installation of soot blowers 
to keep the vanes clean Model 
being made of the outlet distri 
bution plate If it 1s not 


elbow and tests are 


to determine the value 


needed, it will be removed: 


PRECIPITATOR I 
Current i Power (Watt 
Per 


Per Per Sq , Sq 1000 
;' 


te 8) +f) 
YOO 4) O4 
87.14 
urface, 37,900 sq ft 


ive wire lengt! 





{> 
{@> 


Be me nee OUTLET 
$—— bpd i+ INLET 
oD 
ee FLow 


be used I 


llowing the 


know that 


ecently I ule 


run showed the 


d of the pre 
ulated bevond 
the blowe ’ in the elbow w 
howing mn let f moisture It 
ste 
tal effect 


it the 


the 
tributi 


bei 
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Fig. 5—A five-year accumulation of dust build-up on turning vanes of 
the entrance elbow to precipitator "I" 


ITret 
ibout 


which is the 


in optimu! mprove nt at 


Model and fie combination 


mechani with a 35 per cent 


il-electrostatic collector 


distribution plate between the mechanical 
electrosta Lee indicated that 
l rrected the ga 


Iree Opening 


and this amount 


of free are distribution 
This conditior ( ected to give a 51 per cet 

ents between every 

wed the performan 
plate 


nt 


cent 


nN diameter 
produce less objection 


precipitator lane 


nd fewer trip-ou 


inlet 
filled 


unl 


e indicates that t he 


ild be ce mpl tely 


hould be 


wuld be no other ob 


tion patter that the 


} 


rit 
it 


' 
’} 


it will block 


everal locatior 


COMBUSTION May 196! 


Fig. 6—Access door in outlet elbow of precipitator E" shows dust build-up 
there 


were equipped so that they 
to dislodge the ash The 


with 


\nother 
could be 
nes were mounted on a 
end \ 
several of the 
\lmost 


Iroze 


section Of vane 

rotated penods« illy 
haft which was supportec 
shafts 
to be 
iter 
be rotated 


were 
rotated 


tarting 


ings on each number of con 


to allow vane 


it the same time immediately 


the boiler the vane and could not 
\fter se attempts 
ibandoned 

\nother built 
e together in order that the yas vé locity would 
sful 


section of duct 


veral had failed this experiment was 


ection wa with small vanes placed 


fairly clo 


sweep them clean This test was not succes largely 


jue to locating the vanes in a low velocity 
which have 


but they 


Other ine installations have since been mad 


been successfully cleaned by the gas velocity 


have been in sections of the duct where the velocities 


there was no 
Velocities of this magni 
normally exist in the region near the pre 


ire about 40 fps and where expansion of gas 


in passing through the vanes 


tude do not 


cipitator, therefore, high gas velocity is not normally a 


good solution 
turning vanes have 


installed to clean 


ind it is this method which is now being 


Soot blowers 


been successful 


used for cleaning vanes as well as deposits in the duct 


Corrosion and Insulation 


Corrosion of the interior of the shell has become more 


problem as steam-generators become more eflicient 


ind hence produce 1 lower exit gas temperature \ 


number of the pulverized-coal units on the Edison system 
ire operating with flue-gas temperatures as low as 270 F 
the SO, dew point or slightly below 

minate the corrosion or 


to reduce it to a mini 


to keep the interior surfaces above 
calls for 


ill welded penthouse above the 


18 necessary 
dew poimt al d thi 


It was thought 


precipit itor would 


| 1 good insulating job 


that an 
need of insulating the 
the precipitator shell the heat 
into the penthouse should keep the shell roof temperature 
ibove the 
ipitators “R” and ‘I the 


obviate the 


top of Since radiation 
dew point In two recent installations (pre 


shell 


operation the 


insulation was 
shell 


iron rust peeling off in 


root! 


ymitted \fter one year ol roois 


had corroded badly resulting in 
large heets | has 


rn Nock 


recently been insulated with 


| which in turn is covered with 


inite board to provide a good walking surface 


half in. magnesia block trowelled 


with a 
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plaster finish was also applied to the flowerpot insulators 


prior to being 


it still flashed over on all flowerpots ind had 


Although this insulation was dried out 
nergized 
thermal insulation on flower 
Recently the shell 


with in 


to be removed Pherefore 


pots 1s not recommended root oft 


precipitator “R’’ was insulated calcium 
muneral wool cement 
asphalt 


ered with '/. in 


silicate blocks covered with , 1m 


.in. mastic cement, and isbestos felt 


Che I-beams on the roof were coy cork 
filled 


in. glass wool blanket 


mast The access doors were covered with a 


which is laid over the doors and 


verlapping one ft onto the roof insulation 
he records show that precipitator “G which went 


had 


25 | it might ind o1 


into service in September 953, has exit gas tem 


1 week ends while 
50 F while 
full load the 
this 
stand 


peratures as low as 
it light load nd as low as 
annular conditions \t 
Ho I Phese 


from the 


burning g 
burning coal under 
otten 


temperature ts maditions make 


installation quite imteresting corrosion 
point 

l on the 
where it is subjected to the cold 
Hhineoi Che shell and all the 
with magnesia block insulation and weatherproofed with 
Insuleot he precipitator roof is insulated 
block, covered \ 1 one-half in 
inspection showed no 
or the roof Phe 


i trowelled insulation on the 


The precipitator 1 locate boiler-house roof 
winter winds of northern 
breechings are covered 
with | 

Marinite 


corrosion either 


itl maynesia 
board \ 
duct 


which had 


recent 


on the precipitator walls doors 


inside had cor 


roded through, requiring patching several times and 


finally replacement The top ec 


' 
ittachments conducted the heat 


ners of the precipitator 


where gallery from the 


interior metal, were heavily corroded From this ex 


perience it can be concluded that to avoid corrosion the 


metal must be kept ibove the acid dew point 


Fig. 7—Interior view of outlet elbow, Fig. 6, indicates heavy dust build-up 
on turning vanes and perforated distribution plate, left 
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Another approach to this problem IS In precipitator 
a tightly welded penthous 
sutler 


root of the 


h ive 


P’’ which does not 
but 
the same purposs The 


has a well ventilated building that serves 


precipitator has 
in. magnesia block with a trowelled coat over the 
top. Steel plates are used for walkways to the principal 
There 


terior of this precipitator 


is no noticeable corrosion on the in 
thre¢ 
In many ways this type of pro 


The 
building serves as a housing for the rappers 


equipment 


ilter years ol service 
it low temperatures 
tection the 
Butler 


rectifiers 


is superior to all welded penthouse 


and bus ducts; it also permits maintenance 
to be done on this equipment during all kinds of weather 
ind at any hour of the day. About the only objection 
to it is its higher cost 

Flowerpot insulators require a certain amount of air 
circulating through them to prevent internal dust build 
up. This movement of air into the flowerpots 
prevents the diffusion of SO, out of the precipitator and 


1 tightly welded penthouse it 


Same 


into the penthouse In 
then becomes necessary to provide several ventilating 
openings to supply the air necessary for the flowerpots 

On precipitator “G 
pipe plugs. It 
diffuse into this area 


the penthouse vents were closed 
did take long for the SO, to 
with consequent condensation 
attack on the 
also was the cause of flowe rpot 


with not 


ind a very heavy corrosion penthouse 


walls rhis drippage 
insulator flash-overs and failures 
These examples should provide assistance to those 


looking for answers to their corrosion problems 


Relationship of SO, and the Precipitator 


In relation to the low level economizer study the SO, 
content of the gas was measured ahead of and following 
precipitator ‘‘E The results of these tests are tabu 
lated in Table VI It will be noted that in the tabulation 
the SO the gas is reduced slightly as the gas 


passes through the 


content of 


ur heater and the reduction is con 





Fig. 8—Turning vanes (90 deg.) leaving air heater direct gas to precipi- 
tator "'P."" Gas goes from there through 45 deg. turning vanes to o run 
of duct entering at a 90 deg. turn to the horizontal. Gas leaves ID fan 
discharge and then through a final 90 deg. turn to the stack. Without 
soot blowers the dust build-up becomes impassable at the air heater 
discharge turning elbow vanes and the center of the duct-work following 
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that the rapping systems for both the plates and the 
wires must be engineered and constructed much better 
to remove the ash that clings so much more tenaciously 


’ 


\ large part of the trouble experienced on recent in 
stallations has been due to inadequate rapping systems 
lo make plate and wire cleaning a bit more effective and 
easier, it is hoped that the gas temperature can be main 
tained between 280-290 F at all loads on the two jobs 
equipped with low level economizers and to let the 
economizer reduce the stack temperature to 225 F and 


lower 


: Gas Sneakage 
iderably more as it | es through the dust collector 
ven at the higher temperatur It is logical to assume Phe following paragraphs point out the locations where 


that the reductio: gher temperature is due to 4S Sneakage may occur, and they elaborate on the mag 


some constituent of t uW such as magnesium or Mitude of the problem and suggested remedies 
ulcium, combining with tl ) The completene Gas sneakage in dead passages in several precipitators 


of such a combination 1 unction of the quantity of the 0% the system was found to be roughly 200 fpm during 
constituent. the tin con ind the mixing or tur cold air tests at 50 per cent velocity Under full load 


conditions this velocity would possibly be 400 fpm or 


bulence of the 

At the lower my iture 0-300 F) it is believed more In one particular precipitator the cross-sectional 
that the SO ; 1S ill to form a mist and either rea of the dead passages amount to eight per cent of the 
adheres to of lly with the dust. since the total. It can readily be seen from this that unless these 
SO. contetr is} t wed considerably in going dead passages are well sealed at both the inlet and outlet 
through the h f idditional reduction that in appreciable amount of gas will pass through untreated 
takes place n passing through the precipitator could The sneakage above the collector plates on one pre 
be attributed to th being precipitated as particulate cipitator wa UNG 100 fpm during a ¢ if 
utter W hatev hy tion. the reduction of SO velocity cold te Since there is a considerable area 

gas 1s quite! } t the lower temperature tbove these plates, this represents a fairly large quantity 
If these tests ra me questions, they also answers 
| his precipitator has three fields in seri In order 


“ 


of untreated ga 


everal questior ‘ ecipitator was located 
ir heater the ] ud level economizer to reduce ga neakage at this point, it is planned to 
erature of the ¢ was maintained just below install a baffle plate between the roof and the collector 
the point where S hecomes particulate the plate support beam One baffle could be placed between 
removed It ; the first and second field and possibly another between 
temperature of the second and third field. It is planned to determine 
ubove the the actu 1 needed by model test 
i 1 the hoppers of one 9S per cent collector 
reduced the 1 during tests to 9 ver cent By 


ling these metal (aa 
it we uld be benefict 
talling light nd o rvation ports under the collector 


re-entraini nt could be wen 


hte enitramment 


permits gas to p through 


entrains du idy collect 


ding 


i 


trouble which 1 


ch doe upset 


1 


ur leakage whicl 

through the toy 
hings into the precipitator 
ide so that this leakage « 


nough leakage to prevent build-up « 


hings and no more 


Access to the Precipitator Interior 


['ntil recently, the need for acce to the precipitator 

interior on the Edison system was not fully appreciated 

r needed for Some large precipitators do not have planned acces 
plates, and more ind these are extremely difficult to inspect, clean, or 
ust be kept cleaner thar maintain With the use of higher corona power and 
necessary [his meat lower gas temperature, the tendency to collect dirt on 
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Fig. 9—Precipitator “P"' V-pocket electrode, showing the trowelled-on 
appecrance of the dust build-up in the pockets 


both wires and plates is much greater and consequently 
it has been necessary to hand clean during outage These 
that it is 
to have good access to ill parts of the precipitator 
(F-ditor Vole 
erence the tllust, ations, Figs 


None of the 


means provided for gaining access 


experiences have indicated highly desirable 


; 


Although he author does not marke the ref 


»-10, underline this point 


precipitators on the system have any 


to the interior from the 


entrance Serious consideration is bei iven to putting 


hinged sections in the perioral d plate immediately ahead 


of the precipitator 
j 


Access through the interior from the sides is also highly 


Whether one or 


number and the 


ad visable two passages are required 


will depend upon the 
ind of the len 


irrangment ol 
rth of tre 


the fields in series g itment In 


one precipitator, ladders placed at the shell wall make it 


1 


possibl to make very comprenensi ispections \\ ilk 


' 
way grating near the botton will 
ilso be needed in most installat 

There h ve 


necessary to sti ughtet 


been several oc 


those cases where icces 


ivailable, it ble 


Was lm possi 


out removal of the high tet 


is not a desirable situation 
lect T 


There ire several « 


ol 
head roon ibove the plate ; 


Those 
head room offer 
id 


munimun precipitator 
excellet t Ww 
inspection, al maintenance 


All that 


irea below the plates a1 
} 


has been said 


] 
cipitators which have no 


it is usually verv easy to 
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Fig. 19—Precipitator “E."" View from above the plates, looking down 
toward the entrance, showing “do-nuts" on the high tension wires 


Automatic Voltage Control 


Fig. 3 shows the relationship between precipitator 


efficiency and the power input per 1000 cfm of gas (with 
test It is 
apparent that the efficiency is an increasing and smooth 


the gas flow held constant throughout the 


function of the watts per 1000 cfm of gas 


Che ampere contribution to the watts is not directly 
controllable 


volts which can be controlled 


but is itself dependent upon the 
When these art 
the efficiency of 


ipplied 
mathe 
( ombine d 


matically a precipitator has 


shown to be a function of the voltage 
feel 
voltage cubed Che 
Control would be 


between the dis 


classi ally bee n 


However iuthorities that it is a 
it least the 


of sustained high voltage 1s apparent 


squared many 


function of importance 


quite simple if there were no sparking 
Such is not the case 

control to 1 

voltage (and thus 


and hold the 


isonable le ve 


charge wires and the plates 
ever, it is the duty of a good automat 
highe st possible 


with the spark rate 


tain the eflici 


consistent 


short cir 
1 
Is 


current associated with the sparks to re 


It has been shown by tests that a precipitator ts n 


efficient if the voltage is raised until there is 


ipproaching 100 sparks per minute 


t 
It should be mentioned that the 


sparking level varies widely with gas t 


ind moisture conditions, particularly 


During a day's 


5.000 volts 


lown 
irv LO.000 to 
control that has to da 
which a 
or full line 
step-up 


me ifn 
is rated fi 


with the precipitator transto 


icteristics of the series wound saturable reac 


that the load current through the saturable reac 
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ul to it and is independent of 
conditions in the The short 
sociated with sparking current is only slightly more than 


function of the control sigt 
precipitator circuit as 
load current 

It is now common for the saturable reactor to receive 
its control signal from any one of a number of types of 
spark sensing devices W hil 
various spark sensing circuits work differently, all appear 


in operating detail the 


to prov ide a satisfactory signal for the saturable reactor 
It is desire to the automatic control 
lower the voltage for all 


now our have 
troubles in the 

main circuit breaker trip 
the power supply. Several 


ire equipped with automatic 


precipitator 
have the 
failures in 


precipitator and 
out only for 


collectors on the 


system 


| 


voltage control, and they are rendering very satisfactory 


Service 
Miscellaneous 


V-Pocket ELEcTRODES 


Phere 
on the system Che first 
years ayo when the flue-gas temperature was normally 
375 F 


ind when rapped from the 


are six precipitators using this type of electrode 
were installed a number of 
\t this high temperature the dust remains dry 
plates it falls between the 
pockets in a quiescent zone and is presumably not re 
entrained in the gas stream 
satisfactory service at this temperature 

Recent installations, however, operated approximately 
100 F below that temperature and the dust is not as dry 
but rhe V-pocket type plate 
does not perform as it was intended. Fig. 9 shows the 
dust build-up between the pockets where it has hardened 


[hey apparently gave 


tends to become sticky 


sufficiently to present a problem in dislodging the dust 
\ build-up of this type cann 

but will bounce out in the gas stream and aggra 
vate the re rhe V-pocket elec 


trodes is not suitable for dusts of this character 


)t possibly fall in a quiescent 
zone 


entrainmet oblem 


“Do-Nuts” on Hicu Tt WIRES 


had the 
a precipitator 


difficult f those who have not 


opportunity of ol interior of 


dust build-up on the 


It mav be 
serving 
to visualize the wires commonly 


referred to as ‘‘do-nuts do-nuts”’ on the wires 


in Fig. 10 are 
spite ol the continual use of 


1oderate in size 


syntron 


and have formed in 
vibrators. On 


quite 


precipitators wh ! vibrators are installed, thess 


deposits often ex« in diameter Phis deposit 


iffects the pov npt et significantly and varies 
in relation t ind its thickness 
In the pilot plar eriments recently conducted, the 
power input to th ctrod lropped 30 per cent in two 


the ash 


or wire 
st at that 
lhiameter 


hours of operati rapping The 
total 


excess ¢ if wil 


thickness time did not 


} 


will meet the 


operation the 


lectors 
regular 
| nitator to be operated for 
two weeks without ents or alterations prior 
this, other 


continued during 


the cceptan ts In addition to 


uid be 
rappers and soot blowers 


ind dust hopper unloadi: 
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INpuUCTIVE INTERFERENCE ON VOLTAGE CONTROL 
CrIrRcUuITs 


In the temporary rectifier installation for precipitator 

L”’ considerable difficulty encountered during 
the start of the tests due to induced interference between 
the high The power and 
sufficiently high to transmit the sparking indications 
from one cable to the other and to consequently, upset 
the controls. These cables or feeds should be shielded 
or placed far enough apart so that the inductive effect 
will be reduced to a minimum 


was 


voltage cables voltage is 


EFFECT OF STRUCTURAL MEMBERS ON GAS 
DISTRIBUTION 


In making field velocity tests, large irregularities in 
the velocity curves were ffoted. These were usually 
caused by structural beams running across the precipi 
tator. One case was traced to the magnetic impulse 
rapper bars. These four rappers were mounted on the 
side of the precipitator and were located one above the 
other, so that the four flat bars effected quite a wide path 
in the gas distribution pattern. If possible, neither the 
ducts nor the precipitator should have any cross members 
in the gas stream 


INSTRUMENTS 


Instruments supplied on mechanical rectifier installa 
tions were usually an a-c ammeter and voltmeter. With 
such meager instrumentation very little information rela 
tive to the actual daily performance or to the possible 
maximum power input to the precipitators was obtained 
Although, it was possible to make rough estimates con 
cerning the power applied to the high tension ciectrodes, 
this was rarely done 

With the installation of the first automatic voltage 
controlled electronic rectifiers, there also came the d-~ 
milliammeters, voltmeters, and spark rate meter. It 
not only became possible for the operator to determine 
for the first time such important guide posts as milli 
amperes per 1000 cfm of gas, per square foot of plate 
surface, and per lineal foot of wire, but also a still more 
valuable bench mark; watts per unit of gas, plate and 
wire. The spark rate meters usually read zero and this 
was probably the first concrete evidence that the pre 
cipitators were underpowered Jased upon actual field 
experience, precipitator collection efficiency continued 
to improve as power to the electrodes was increased, so 
long as excessive sparking was not encountered. It 
became increasingly evident that rectifier ratings would 
have to be increased materially and this is being done 

At present, specifications call for voltmeters and am 


meters on both the a-c and d-c sides of the rectifiers, as 


well as the spark rate meter 


PRECIPITATOR ALIGNMENT 


To obtain the input to the pre 


cipitator, not only must the plates and wires be clean 


maximum power 
but the plates must be spaced accurately and uniformly 
centered latter 
udhered to in construction, it will 


and the wires must be Unless these 
principals are rigidly 
not be possible to impress the optumum voltage on the 
electrodes 

achieved it is 


This 


ilignment has been 


very important that nothing be done to disturb it 


Once tie proper 
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should be especially impressed upon ho are re without efficient cleaning of wire and plate electri 
quired to clean the precipitato y jarring optimum power cannot be applied 

to dislodge dust accumulation 1 also cause seriou Gas distribution is probably third in importance: 
misalignment with poor distribution, high velocity stratas will be ex 


rienced with dust re-entrainment resulting 
I : 


Concluding Statement , 
8 Gas sneakage could well be fourth, since a relatively 


Any one of the design items mentioned could impair small amount of sneakage could bypass the collection are 
the collection efficiency or operation of the precipitator ind re-entrain some of the collected dust. This item could 
if it was not properly engineered and constructed Pre be large enough to ruin an otherwise fine precipitator 
ent experience indicates power to the electrodes to be In conclusion it should be borne in mind that 1n spite 
first on the list. If sufficient power is available with of the general opinion that a precipitator is a crude ma 


automatic voltage control, fairly good performance can chine; it must be precisely engineered, accurately manu 
be obtained, even though som i other items are factured, and painstakingly erected, with careful atten 
not up to par tion given to all details, to produce an efhcient and satis 


Rapping hould probably I ‘ 1 ] ( factory collector 


Centrifusal Compressors Applied to Soot Blowers 
J. W. LOCKE R. G. THESING 


Diamomd Power Specialty Corp. 


Centrifugal compressors are accepted and widely | \ large utility, boiler, burning a slagging fuel, will re 


in the oil, gas, chemical, steel and utility industri quire several differet VJ oot blowers to clean the 
American Power Conference at Chicago ¥. heating surtace ! ns such 
, 196 is recently told The machin nm iral 3] d mom the 
the sin st principle wn fo unpression VI nd pli fuel 

nhke the re« 

the posits displacement principl 
centrifugal compressor op o1 le =continuous 
flow principl This, wu 
paralleled rehability, low 
mum foundation requiremet 
quirement together with t 
the irea Ol operating etheorenc I ivnh 1) I I \ idiant 
costs im line with recipro« ‘ mit 4) ie high i mperature 
relhability factor elimimates the 1 1 for tand-byv com low temperature zones in 
pressor, which reduces u lation « ind sj pa ulable outside the 
quirements The oil f ur is advatr is not only ray | 1 and head pressure 
from the standpoint of 

These factors, ts 
capacity requirements 
units as well as multiple bo i illations | to ol ctabk otating 
the economic feasibility « he inh ntl | pacity be installed to ! nvection suri 
entrifugal nes hese umits, because 
In the « 

ing cycles, it 
characteristic for this duty 
pressure-variable capacity 01 p 4 1 ne is a high flow 
The range of stability will \ y dep nding on th nT Vp n Che other ts 
pressor design and the ov { S rat hi double nozz oscillating-type unit 
range, while important from the standpoi f operating h oups of blowers with their d 
flexibility, need not be a road block degree of ! tect, blo f air The 
load variation available u juenching of blowers h locks of air into ! y blowing sequence must 


Ihe characteristic curve and its enveloy f efficient op into consideration man oO he total mecham 


eration is equally important msid nge of | iting time for all blowers on the boiler; the boiler 
flows and pressures desired at the \ ous blower heads ung prioro the number complete cycles per 


rhe envelope of operation is dependent on the type of lay juired in the boiler; the flow rates and 


1 
compressor controls used for providing the required pres head pressures of the particular blower units; the blow 


sures and flows at the soot blower heads rhe final se ng time versus the operating time of individual units, 


lection of the type of control used will be dependent upon and the type of air compressor selected are all major fac 


the selected programming of the soot blowers tors affecting this sequencing 
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A simple way 
to determine.... 


Economic Thickness of Insulation for 


Flat Plates and Pipes 


Described here is ‘a procedure that will mean mil- 


lions of dollars of direct, quickly realized savings to 


all heat-using industry, and long-term improved ef- 
ficiency for most energy consuming processes in all By WILLIAM C. TURNER 
types of industry.’ The method is explained and a j 

Union Carbide Chemicals Company 


numerical problem and solution presented. Please 


note in the article the directions for obtaining the 


manual required for this procedure. 


truth has been recognized for years At a 

It makes the economi meeting of the American Society of Mechanical Engi 
possible Insulation cat neers in New York City on December 6, 1926, Mr. L. B 
i pipe used to transport McMillan presented a paper on ‘‘Heat Transfer Through 
in which he presented the formulas for cal 
insulation Mr 


HE PRIME funct: f insulation is to limit the This basi 


wasteful dissipation « 
cal transportation 


be compared to a leak 
used advisedly because no = [peylation 
culating the economic thickness of 
basis of our study 


water Che tern le 
the escape of heat through 


om a hole in a pipe is sub- ~=M{eMillan's work was the 
The difference is the 
the delivery end Phis — . 
. A Complex Process is Simplified 
flow in insulated lines 


be included in the usablk Wherein 
It is new in that it presents a practical method of using 


insulation can compl 
it All the water th 
tracted from the 
usable amount 


then is this study of economic thickness new ? 


ickness of proper insulatior 

ugh the conduit walls basic knowledge which formerly was in a form so complex 
ry value However, there that it was seldom used. Although a detailed explana 
McMillan formula will not be attempted 
shown to illustrate why it has been 


because of its difficulty of solu 


smaller 


Heat energy 
is no direct con Btu's into dollars, as the cost tion of the 
4 heat depends upon many factors, such as its form, I here, the formula ts 
used only infrequently 
he McMillan equation to determine the 


se Irom coa \l tu tion Phe 
economical insulation thickness for cylindrical surfaces 


cation and ust the Btu's in gasol 
generally more most 


»btainable ! 
it some distant pou which coal must be m« l one material. is 
be used Likewis f installed insulation \ 

labor rates and oth 


with materials used 


The simple statet nt that the greater the hr } f l Vf 
er, ; - ' : \ ov , k 
lt insulation the maller the loss of heat may thet r. log j Rik J . 1 O00.000 
be restated I er the cost of insulation tl F 4 Rk j 
smaller the Depending upor 
nsulation and cos { the heat, a certain d é 
] ) ‘ ym 1 o be solved to determine r 


thickness of insu the lowest tota 
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Where ECONOMIC THICKNESS 
OF INSULATION 


cost of insulation per 
vestment interest 
nance dollars 
conductivity of 
F /in 


inside radius of 





outside radius of insulats 
| 


temperature of air (deg 
operating temperature 
ilue of heat per 
sideration of fuel 
interest, depreciation 
1S Sum ol resistance i! uding suri ; nN 
leg F-hr sq ft/ Btu 


hour operation per 


Although the formula ts ce 


upon which it is 


lo illustrate our first state 


HEAT LOSS, BTU’S 


re of insulation the lower 
Notice that on a bare pip 
lo curve runs completely 
that after imsulation 


double the 


therefor ( ‘ I in | replaced by 
dollars per yea usin no way alle« the curve as the 


verti I 


unit 


3 
Cost Factors Explained INSULATION THICKNESS, INCHES 


‘ ' tn th , Fig; 1—Relationship of heat loss and thickness 
Tae TS enter in ‘ ‘ it or | 


must be expre ssec] 
rie y hese ct 
—_ i 1“ ECONOMIC THICKNESS 


OF INSULATION 
CL ost ol fuel 


Capital investment 


ind the heat distnbution sy n 7 it « COST FACTORS 
“tat 
( ost ) t¢ ita | tl nt FUEL CosT 
: CAPITAL (INVESTOR NT 
Interes 1 met COST OF money 
. iNTEREST 
Depreciation period eerencumen 
MAINTENANCE 
Maintenance NO. MRS. OF OPtR 


Number of hours 


As the left-hand seale ts 
be plotted on the same chart 
is linear feet), the cost of insulation 
thickness is also plotted 


COST PER YEAR, $ 


Most of the cost ict 
tion | hese ire INSULATION 

Carita. (NVESTWENT 

COST OF MONEY 

mC REST 

DEPRECUTION 

MAINTE MANC E 


4 pat il 

Lost I 

Interest on 
Depreciation period 


Maimntenance 


Che total cost per vear thet ! st of lo ’ . a. r ——; : 
per year added to the insulatior D INSULATION THICKNESS, INCHES 


curve is shown in Fig. 3. It Fig. 2—Variation of costs 
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ECONOMIC THICKNESS 
OF INSULATION 


SAVING BY FIRST 1)” SOLATION 


COST PER YEAR, $ 


@inimuM COST 


INSULATION THICKNESS, INCHES 


Fig. 3—Thickness-savings relationships 


high when an insuflicient insulation 


total cost is quite 


thickness 1s used; it drops 1 minimum when the opti 


mum thickness is used rises again when an un 


economical increased thickness of insulation is chosen 

The low 

economic thickness of 
These 

interpreted since the 

McMillan. The 


the extremely high 


point of the mbined curve determines the 


curves on onomics have been mis 


were presented by Mr 


basic cause of this misinterpretation was 


order ivings inherent in the use of 


any insulation. Deper upon temperature and cost 


factors the tion provides a return on 


first inch of 

investment of several hundred per cent per year L pon 
d costs where 
dictate thicker insulation 


though much less rewarding 


examination of the relate temperature dif 
ill other factor 
the last one-half inch 
than the first, may still provide a return on investment 
f 3 hese 


ferences and 


idded 


per cent per j or more ncrements ol 


investment are shown o1 


The Problem—Too Many Variables 


Chis graph, while typical mly one of a family of 


curves. Its vertical scale of t, its curve of heat costs 
newhat different for each 
different cost 
addition to the 


must 


and insulation costs will be 
number of 


ned Ir 


combination of values Phe 
factors has already 


VSiK il lactors ilso 


cost factors the wil | 
il determination of the 


enter into the fir curves 


Temperature differen 
Shape 
a. Flat 
b. Curved 
] Inside radius 
2 Outside radius 
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Conductivity of insulation 
1. Mean temperature 


An answer to economic thickness could be obtained by 


curve for each set of variable conditions of 
costs, shape, conductivity of insulation, and temperature 
difference Some items of cost which affect both cost of 


heat and cost of insulation can be used as 


having a 


constants in 
Many 
a number of increments over a 
manual The 


accordance with good business practices others 


are variable with wide 
range Practical limits are shown in the 
sum of the number of curves required would be all the 
single increments multiplied together or: (7K4«K90X 
21 K 4 & 22 &K 15 & 35 & 22) which equals 53,787,SS0 
Each of these charts would 
thickness in in 


It is understandable 


HOO) vary the insulation 
increments from in. to 10 in 
that no one would start to make 
this number of charts 

In the calculation of economic thickness, even by ma 


chine, these myriads of figures would still be present 
Some means had to be devised by which this impasse 
could be resolved sensibly 


A Practical Number of Variables Achieved 


rhe particular device that broke the impasse was a 
separation of cost factors from the thermal constants 
Mr. William Hollenbeck discovered that the cost factors 
could be resolved into a single variable which could de 
termine the curves in proper relationship to the thermal 
Chis was called the ““D’’ factor 
the use of which simplified cal 


equations 
Another observation 
culations, was the fact that plotted insulation costs fell 
1 family of straight line curves having a common 
rhe tangent angle and location of any curve on 


into 
origin 
the graph may be determined by the common origin and 
a single point on the curve 

Phe application of these two observations brought the 
calculations required within reasonable limits 

Working on this system Union Carbide Chemical Com 
West 


equations 


Virginia University independently 


These independently 


pany and 
derived the 
equations were checked and cross-checked until complet 


Our Union Carbide Chemicals 


derived 


igreement was reached 
Company Accounting Department and the Professor of 
Economics at West Virginia University also concurred 
The problem was set up to run on an IBM 650 Com 
rhe program was arranged for the machine to 
total curve from data For 
each set of conditions it started at '/, in. insulation 
thickness and calculated the slope of the curve Where 
insulation thickness was too thin the computer would 
indicate When the total cost curve 
reached the lowest point and started up the other way 
The computer was di 


pute I 


calculate the cost cards 


a negative number 
the number would be positive 
rected to record the insulation thickness where the first 
positive slope occurred. In this manner practical manu 
factured insulation thicknesses based on accepted di 
standards of '/» in were the 


inswers instead of meaningless decimals 


increments 
In this man 


OF j 


ner all the 5.3,787,880,000 possible combinations of data 


mensional 


were resolved into twenty nominal manufactured thick 


NeSSE 


Vanual referred to below contains 


Vote / ne 


and curve 


(Editor 


all the tables needed to find optimum insulation 
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thickne by this new method lhe manual will be avai Use of Manual 
able after June 15 from the National Insulation Manu In past discussions the first question usually asked 
facturer | ssociation, 441 Lexington Avenue, New York was how this Manual can determine the cost of heat and 


17, New York. Cost of the manual will be $10.00 cost of insulation. These are set up as variables and 





Copital Investment 
FF « — por ib. of steam 


F* — per million Btu 


Result of 
— —-— Step iond 2 
“0” Factor 


— 


Nh 
#™ 
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Figure 7Q . 
S$’ - Production Cost \ Volue of “8B 
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Fig. 4—Composite of charts and curves from the mannal 
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There 
which are 


are various 


used 


must be determined by the user 


account for de 


methods and 
termination of cost Ihe relative merits of these systems 


the Manual 


tablished and accepted by 


ire of no concern t Capital investment 


nd cost figures which 


management, ne ethod 1s used to estab 


lish them, becom letermination of econom« 
thickness 
lo illustrat 1€ U f the nual, the 


illustration and 


following lata 
ire assumed should 


e or recommended cost 


Sample Problem 


Dp 


of insulatiotr 


Cost Dat 
Depreciation period 
Depreciation period 


Plant capital investmet 
otal production « 


Installed cost 


ma one 


note that the 
Dherefor 
use the se 


nsulation on 


Cos 


Liberation of Pyrite from Steam Coals 


R. A. Glenn and R. D 


Research, Ih 


Harris of Bituminous Coal 
Power 
Pyrite 

ill Ww ire needed for re 
the sulfur conte m coals 


ittainable by nvent il cleaning 


\merican 


whweration of 


below that now 


proces cs 


nethods a f interest to1 wer plant operators be 


Such 


cause of the ulfur content of stea 


; 


fuels t plant maintenan 


the removal 


dioxide from s k ¢ re based on wet scrub 


sulfu 


illy unattractive to 


bing procedures iT } T T mri 
power plant operators ! rently, alternative meth 


ods for controlling sulfur dioxide emissions are being cor 


sidered, particularly me reducing the amount of 


sulfur in coal prior t ned 
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Step 2. The Plant Capital Investment (F) is given as 
13 dollars per pound of steam per hour 
NOT included in to 9. Therefore, 
apply the normal rules of interpolation. Use Manual 
Figures 7a and 7b for a capital investment of 14 dollars 
per pound of steam per hour. Enter the chart at the 
total Production Cost of Steam (S$ 1.143 
up until the curve for 20-year depreciation (CV, 20 


rhis value is 
Manual Figures 4 


ind read 
then proceed horizontally to the intersection 
of B (0.737) as de 
point of intersection 1s about 
0.0120 curve 


is reached, 
of the 
termined in Step | Phe 
one-fourth the between the D 
ind the D Apply the normal rules of 
interpolation Use the 

The value of D ts 0.0120 


vertical line through the value 
distance 
O.01L50 curve 


smaller value 


Step a Mean 
fy +- ambient temp 2; 2 
Use Manual Figure 10. Enter the 
chart at 357.5 F, go up to the High Temperature Calcium 
Silicate curve and read & factor Btu 
hr /sq ft/in./deg F) on the left Phis value 
should be adjusted to the nearest tenth 


The value of k 1s 0.5 


temperature t operating tempera 


4 4 120 4 ) 4 


ture 


| ) TA 7 
ii 357.5 I 


conductivity) in 


xis as 0.440 


differential, Af 
ambient temperature 
125 F The 


determined by the use of 


Step 4. Ten 


perature 


perature 


operating tem 
* Af 420 
insulation thickness 
lable Find the 

n. pipe section, then locate the portion with a value of 
D 0.0120. Enter the table where & 0.5 
horizontally to the column with Af 125 F 
is NOT tabulated Cherefore, apply the 
f interpolation, use the column of Af 


economiu niay 


and yo 
This value 


normal rules 


738 and read 


Lhe condition wen 1 


; j ; 
et 1¢ WRN or ie 


has only taken a few 


solved by itl 


this solution 
problem 


Manual 


minutes The 


By the 
Sarm excellent 
mathematician by the original Mc Millan formulas would 

n approximately four hours 


7} 


offers i 
sulfur content of coal 


Modification of the pulverization 


promising means of reducing the 


proce 5% 


prior to its be ing burned For this to be possible, how 


ever, practical methods are needed (a) for liberating the 
ind (6) for removing the 


rhis is 


differences 


pyrite present in coals, pyrite 


liberated beleved possible il 


ol the 


nce it has been 


re 18 taken in properties of py 
| of the coal substance 
f sulfur removal attainable in commercial 
reported by the U. S 
coal 
umount of ‘fixed pyrite pyrite, 
ible by 
half the total pyrite present 
Where the pyritic sulfur 1 
are good prospects of its removal by 
il of the 


matter 


coal cleaning has beet Bureau of 


Mines in a study of a from a single mune The 


which was not remov 


conventional cleaning methods about 


re pre serits 


mainly associated with min 


eral matter, there 
idapting presently available equipment Remov 


pyritic grains that are embedded in the organ 
will require the development of improved equipment for 
processing coal in the — 200 mesh size 


* 
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The author reviews developments in the application 
and operation of the shaft driven boiler feed pump, 
describes some installations and ventures predictions 


for the future 


Fluid Drives for Turbine-Generator Driven 
Boiler Feed Pumps 


by RICHARD D. O’NEIL? 


American-Standard 


Introduction engineers soug means of driving the borler 


feed pum UM ps Consideration turned toward 
ODAY it has become almost trite to mention the lh eae ' ' 
utilizing the main turbine-generator as the prime mover 
ulvances in steam-power generation equipment over : 
for a single full capacity feed pump Because of its 
the past ten to fifteen year It has become quite . : 
characteristics of adjustable speed, ability to clutch and 
common to discuss unit generating capacities three 
de-clutch, and for protective reasons, a hydraulic cou 
to six times those of fifteen years ago It is not un - 
' pling seemed desirable 
usual to hear of plans or studies of unit capacities 
\t about this same time, design work was proceeding 
rreater than those of the immediate 


eight to twelve times g 

‘ sled on Bergen Station Unit Number | of Public Service 

wostwar period 

"1 Electric and Gas Here too, consideration turned to us¢ 

There have been, and there will be uivances made - 
of the main shaft drive idea In this case, a cross 


} 


by revolutionary design ideas for turbines, generators ‘ 
compound, 3600/3600 rpm unit provided 


two generator 
boilers and their auxiliary components However, not 


, , shaft extensions for driving two half-size pumps through 
ill advances have been a result of revolutionary designs hvd ; ; 

é ivdraulic couplings 

“carrie vuivances have been a Vy taking proved fe ld ' 
experienced components na DI n new concepts lor 


the utilization of these compo 


One such idea which has developed in the past six 


Che requirements for the hydraulic couplings for thes« 


first jobs were 12,000 hp for the Astoria unit and 


1500) hp for each shaft of the Bergen unit \ number ot 


motor driven hydraulic couplings had been built equal to 
veal 1S the corm pt ol driving bouler teed pumps irom . , ; - ‘ r ba) : rt . 
or greater than, the bergen requirements he Astoria 
the main turbine generator shaft through a fluid drive . ; ; S 
, fluid drive, while it was then the largest ever offered 
Iternatelv termed a hydraulic coupling . 
for boiler feed pump service, was not the first of this 
It is the purpose of this paper to 


capacity to be manufactured 
Describe and comp he maim shaft fluid drive No revolutionary or untried design of fluid drive 
design with motor d nd rn was necessary rhis was a design problem of ad 
Discuss various mat hal | nd \ of motor driven designs to the specifi 
irrangements the ultimate in reliability so necessary 
Report on operating ex} n shaft concept 
Express some thoug] mn tutu pect ft th Some of the design features required by 
main shaft concept lrives which are not normally needed for 
Development and Design jatar Soak pups an 
Removal of accessory equipment, such as pumps 
coolers, filters, to an area below the drive Qn motor 
driven units, such accessories are integral with or located 
immediately adjacent to the drive To obtain 
appearance, all piping connections 
Accessory equipment 1s grouped ul 
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packages for simplicity of field installa 


mally into tw 
tion 


2 Hydraulic coupling 1 lower 


well 


mounted with the 
reservoir recessed in a 


side 
portion of its housing or 
floor Thus coupling center line 


hes that of the turbine gen 


turbine 
flox Pf its 


through the 
height above the 
erator 
0 Thrust bearings ire 
take xial thrust 
\ll hydraulic couplings are de 
but the addi 
erator shaft expansion can be as 
rmal or internal thrust 
the hydraulx 
shaft ith the coupling declutched 
the feed pump shait. When 
the boiler feed pump 


designed with additional 


Capacity to produced by expansion ol 
the generator sha 
signed to take ca { their internal thrust 
tional thrust due to ger 
much as 50 per ce ot the ne 

j \ holding 
coupling output 
this brake 
the brake 
may be inspected without 

D The 
members) are, up to 23 in 
shaft 


brake installed on 


stops 
mechani ocks are set 
nterrupting generator output 
rotors (driving, driven and rotating 


casing 
effective diameter, the same 


on motor drive and mai drive units Above 23 in 


diam a high torque, high speed design previously applied 
on other than feed pumps is used 

aircralt 
heat 
construc 

fit to the 


member 


from SAE 434 
milling and 


These rotors, Fig. | re made 


quality steel forgings eries of 


treat operations produces the integral vane 


The vane ring which is a close 
mechanically locked to the 


tress concentration due to 


tion tolerance 


vanes, 1S driving 
To minimize all 
tool marks or 


sembly is polished to alt 


pou { 


other periections, the whole rotor as 


t a mirror finish 


Hydraulic Coupling Operation 


With the d difierences in construction, it 


said that the prir 
same in the main shaft hydraulic couplings as in 


Liorementione 


can be ciples and method of operation 
are the 
the motor driven unit 

\ cross-section, Fig main 


i typical 12 000 hp 


its major components 


shaft hydraulic coupling show 


ependent 


In operation the hydraulic coupling 


iuxiliary withdraw the power transmission fluid 


pumps 


from the base or 1 rvou On lower capacity units 


Fig. 1—Driving and driven members of a 12,000 hp fluid drive 
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a 


Fig. 2—Cross-section of typical 12,000 hp flvid drive 


integral, being gear driven from the 
fluid from the 
to the 
sion and lubrication 

The fluid 
tending almost the length of the unit 
lines feed each of the sleeve radial bearings and each of 
the double Kingsbury These supply 
lines are orificed to insure proper distribution 

Che power transmission fluid returning from the coolers 
From the manifold this 


these pumps ar 


input shaft The reservoir is cooled and 


filtered returning main unit lor power transmis 


inside manifold ex 


Separate supply 


lubrication enters an 


thrust bearings 


also enters an inside manifold 
fluid is fed into both pillow blocks, enters radial, drilled 
ports in both shafts and then through the axial shaft 
passages into the rotors 

Power is transmitted from the driving member to the 
driven member by a fluid vortex The driving member 
pumps the fluid into the driven member where the kinetic 
energy of the fluid is absorbed and transmitted to the 
shaft 


the amount of 


Output speed is adjusted by regulating 
fluid in the vortex between the driving 


and driven members 


output 


rhe scoop tube, acting as a sliding weir, adjusts fluid 


level in the rotors The result is ste pless control of feed 


pump speed 

Pump and Drive Arrangements 
are $2 hydraulic couplings, in service 
shaft These 
are being employed on 22 generating units. Of the 22 
generating units, full sized pumps have been selected for 


half pumps for 11] 


\t present there 


or on order, for main drive application 


1] units and nominal sized units 


Full Size Pump Installations 


generating units using full 


I ible 


pumps 


I lists the 


MAIN SHAFT, FULL-SIZE, FLUID 


BOILER FEED PUMPS 


rABLE I 


L'nit 
Rating 
Statior Kw 


\ oria > 
Arthur Kill 
Astoria > 
Astoria 
Little Gyr 
Hunt $¢ 
Hunt. Be 
Alamitos 
Alamitos 
Ravensw 


Ravenswor 





Consolidated Edison 


The six Consolidated Edison units all have the same 
general arrangement of drive and boiler feed pump 


Fig. 3 shows the first Astoria unit These are cross 


compound turbine generators with the high pressure 


turbine rotating at 3600 rpm ind the low pressure tur 


bine at 1800 rpm [he main feed pump is driven from 
the 4600 rpm shaft 

rhe fluid drives for these Consolidated Edison units 
are all essentially the sam The three Asto 


Arthur Kill drive transmit a normal maximum 
of 12,000 hp; the Ravens 


hp ¢ i h 


ind the 
will handle 
Lubrication requirements of the boiler feed pun 
ire taken care of by the fluid drive ystem Cooled 
filtered oil 1s 
bearings and returned to the fluid drive reservoir 


Astonia No. 3 had two half size motor 


continuously supphed to the feed pump 


Originally th 
driven feed pumps which could be used for irt up and 


M) per cent standby Rehability operation has 
permitted the removal of o1 


subsequent generator unit 
Lovisiana Power and Light 


Little 
Louisiana Power and Light will employ full size feed 


The new fully automated Station of 


pump driven from the generator shaft The hvydraulx 


coupling will transmit a nomit maximum of SOOO 


hp to drive the feed pump of O23 Niw 


outdoor type machin 
Design of the hvydraulx ind con 

trol system 1s an integrated one for itt vp In 

iddition, consideration wa nergency lubrica 


tion needs during turbine following possible 


loss of alternating curret sourt mall direct 


current motor driven lubricating pum; ited on low 


pressure, 1s provided agan 
Southern California Edison 


Che Southern California " ngton 


\lamitos 


Be ich } 
ilso of the 


ind 4 and 


ed 


Fig. 3—View of Consolidated Edison, Astoria No. 3 drive and pump 


Fig. 4—View of Public Service Electric and Gas, Bergen No. | drive and pump 
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full size 
} 


ompoumn } The 


I 


supply o1 iversal pressure boilers 


Huntington ic] trolled circulation boilers 


Alamitos The hydr 


uplings will provide stey 


idjustable pum] er er approximately a 


is required for 


All four hydraulic ce ire the same in general 


lesign The Hunting drives which transmit 


hp have smaller rotors and lower capacit' 
t he t itos drives 


The motor ivel { 1D have been selected 


ixiharies thar 


Southern Calhlifon | ol t the capacity 


Vice Electri ind 
drives served té 
for subsequent 
the Bergen units 
The two pound 3600/3600 rpm 


} 


ichines hav from each 


itor shaft ll four |} rauls uplings are of the same 


1250 hp each to 


desig1 


boiler feed pumps at 


bricated from the fluid 


fluid drive 


Irom the I il urbi i] ystem $y me 


verflow line fri reservoir, this 


» the turbi 
size pump, constat 
| standby purpose 
the Mercer dri 
Bergen Each 
[yiferences 
t Mercer are the 


speed ca) xs 


ir units used 


\ilercer the ‘ 


nd boiler { 


lrauls 


nounted o1 


\lercer re quarter 


int speed I 


The Sewaren N Mw rated machin 


Here too. the Mercer half Size 


yatter! 


high speed pumps will b f n mm each generator 
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shaft through hydraulic couplings and step-up gears 
\t unit rating each boiler feed pump will require 6250 hp 

[he spare motor driven for Sewaren will be 
1 one-third size pump to match the start up requirements 
that 


hydraulic 


pump 


of the once-through boiler It is interesting to not 


this have an adjustable speed 


decision to use 


pump will 


coupling The adjustable speed on the 
spare pump was influenced by the desire to have greatet 
flexibility high 


piping and to eliminate the need for a throttling 


pump to avoid complications im _ the 
pressure 


\ ilve 


Pacific Gas and Electric 


turbine 
Morro Bay No 


Electri (25 Mw 
»and No 
ind pumps. If 


rpm 


(Gas and genera 


The Pacific 


tors for Pittsburgh No 6 and 


} have similar drives ich of these three 1 


1 cross compound 36000 3600 unit of the outdoor 


type with half-size pumps driven from each shaft 


rhe hydraulic couplings transmit a nominal maximum 


i 


of 4500 hp for each pump 


The hydraulic couplings are designed with an inte 


grated system for lubrication and control oil 


Essentially there are no individual 
pumps for the 
Morro Bay 


use of pumps from other boilers at these plants 


start-up orf 
Pittsburgh 


Spare 


capacity main shaft pumps at 


nor on the unit. Piping design permits the 


Consumers Power 


2 of the 


of Consumers Power will employ 


Generating Units | and new Campbell Station 


four half size pumps 


5 Mw cross-compound 3600 rpm units will 


the h Pp l p turbine 
p-l-p 


each have one pump driven from 


shaft and another pump driven from the 
shalt 
of the four hydraulic couplings will transmit a 


generator 
turbine generator 
maximum of 4500 hp 


one-sixth size motor driven pump will serve for 


Start up 
Both of these 


operation 

Consumers Power units will have main 
exciters gear driven from the generator shaft extensions 
No previous mention of exciters has been made in this 
Che main shaft driven pump units previously di 


From di 


paper 
cussed have 
cussions with the 
said that the main shaft drive design did not change the 
Either 


used mecans 
direct driven or separately driven exciters can be used 


separate motor driven exciters 


utilities involved, it can be generally 


previously of driving the exciters 


where pumps are main shaft driven 


Commonwealth Edison 


The Waukegan Unit No. 8 of Commonwealth Edison 
i different pump and drive arrangement than 


Here i 
for the 


will have 

iny of the previously discussed installations 

shaft 

boiler feed pumps has been selected 

3600 rpm pump will be driven from the 

Another half-size 
Hvdraulx 


maximum of 5000 hp to each pump 


combination of main and motor drives 


One half-size 


JOO) rpm 


generator shaft extension 


mp will be 


h will 


couplings for 


Operation Experience 


(1 there were seven turbine-generators 
main shaft 
These 


peration with hydrauli 


boiler feed pumps seven units 
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January, accumula 


itely 33 


had, im 
proxim 
the oy 
cated that 
each unit 
to the m 

Phe 


olde t 


(MM) bos »} 


eration history of the 
the 
} 


has not beet 


Since bn Vilitl 
there 
un shalt drive cone 


Edison 
first 


Lor solid ited 
hav 


initial operation 


the 
During it 
the 


iting 


tur 


ny 


with control equipment 


lubriu pumps on the 


ipable of meeting 


pump iS < 
the i nare 
vad protectio 
witchover ot 


been res 


deter edt 

Astoria drive 

Bec 
1 } 


had required 


mit 
that the ort 


correct ise Ol poor w 


y4-metal tube 


proved that the co 


Hiciel 
Chi 
itures and 
the 


Original 


than inticipated 


temper 


water | 


feature ol hydraul 


idequats 


idequat 


(April 
Ome 
problet 


eTwu 


coupling 


reb 

n corrected u 
xt unit te 
ill in 


period 1 


Arthur K 

ning 
reservotr 

This bac 

nd dan wed the 


occurred on the 


Electri 


‘ ults . h ive 
Publi 


tion of 


PeTrTvice 
No 


Bergen 


il December 


; Huntu 


tional u I 


December 


operation o ditheults 


drive 


\t 


ill be started and « perat d 


| that the operation « 
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bined 
Recent reviews 


st generating units ine 


ing of commercial service on 


in unscheduled outage due 
Astoria No. 3 installation is 


ed tember 1958S 
expenenced 
driven 


ich 


with 


motor 
ihe coupling I 
needs 


installed 


lubricatior 


Wil ally 


sect too 


the 
close On a 
ed the 
Complete loss of lubricating 


the } | 


tor trip other 


lraulic couplin 


eration ol 


i 


ol coolers were not 


Ss, specihcations 


! 
m ol oper ition 


les 


ibnormally hig 


slier were 


perati 


cumulated 


| iv¢ been 


1 
hydrauli 


was that 
initial run 
the fluid 
iccidentally 
flooded the 
No turther dith 
this station 
initial opera 
nd Mercer No 
ouplings on these 
f difficulties 
drive 


si} 


sh ilt 


\ 





i ecm RY AY ee er 


Fiz. 5—Cross-section of preliminary design, 25,000 hp fluid drive 


Future Developments 


ump drive 


ittention 
liscussed 
t he 


luture since 


i 1s to place the 


turbine end rathet 
| Electric 
\t 


the 
Morro 
least 


gener init 


> will utilize 


rt \ 
Day i) 


three other generating 


stag irious utilities are 


end mounting 


Studies indicate considerabk 


placing the pump on the turbine shaft. Some « 


have been it on particular installations, the tur 


end igement 


of Soo Oo 


bine could result in additional saving 


] ; ret 
ired oO ge 


| erator e1 
mounting 
The 


higher « 


second 
ipac ity 
ibility 


these higher 


be gan on drive res te na « il 


horsepower units 


design for 


theory and 


Preliminary 


is completed shows a cross n of this design 
The b 
iS ill pre 


Phe 


nent 


isi principles ol operation 


1 


vious boiler feed pump fluid drives 


design does utilize a tandem, dual rotor 


two driving members a1 two 


Speed if 


dual scoop tubes cor 


members justment is obtained through the 


nected to a sin rie 


control shaft t 


which the it trol actuator 1s linked 


W hile 


been 


1utom 
the 
this country 


h dual design has 


SCOOT 


. 
ecial 


" } 
qual 


+ dual rotor 
limited to sj 


use of 
in A 


peen succe ssfully 


drives, suc 
teed 


purpose 


used on boiler pump drives 1 ngland l 
European power plants 


Another 


its 


future extension of the 


lies in exte to smaller el 


nsion 


ingly the pattern to date has been to consider 


1M) The eco! 
f consultants 


there has 


shaft d 
larger f in 


ind the 


Mw units and omics ¢ 
res 
Apparently 
much consideration given to 
plants It is bl 


possibile 


ind operation de 


ilways govern 


this idea on smaller 
that the 


nerating future 
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may see greater study and a ptability for lower capacity 


machines 


Summary 


The idea of the turbine as the 


mover for the 


using generator 


prime 


boiler feed pump has received increased 


study and accep! ance 


It has been the purp« this paper to describe the 


irrange! which are being used and 


used. It is hoped that the 


pump and drive 
will be 


the 


discussion has shown 


great flexibility for us« haft driven pumps regard 


less of design of turbine-generator, size of pumps an 


other factors 
been several 


I here have 


celle nt 


years some e€x 


technical irticles by consulting and 


utility engineers dealing with the economic justification 
ind advantages for main shaft hydraulic coupling driven 
boiler feed pumps 

While the economics of initial investment and operat 
ing costs for feed pumps and their drives will always be 
important, the final selection of these components must 
take into consideration, reliability of operation 


The the 


coupling and the modern boiler feed pump has a record 


combination of adjustable speed hydraulic 
of reliability proven over the past fourteen years on some 


eight hundred installed units, motor driven and shaft 


driven 

It is believed that the present is showing, and the future 
will confirm, the significant advance of main shaft driven 
pumps 


Preventing Furnace Explosions—Part 3 
By W. L. LIVINGSTON and PHIL GRAY, JR. 


Kreisinger Development Lab—Combustion Engineering, Inc. 


Amer 


combustion 


[he desirable firing procs the authors told an 
Cor Té 


furnace 


ican Power rence udience, of any 


chamber is based upon the intention to ignite 
flamn 
is the 


Che idea is simply to supy 


ind consume any ible products entering the com 


enter the combustion chamber 


1 


bustion chamber 
nd burn the burner 


basis nd at the 


ingre 


dients on the rate same time minimize 


their accumulatior 
that burner ingre 
that 


cumulate in appreciable 


The explosion process requir | 


+} 


dients are not consumed he rate 


mable 
quantities in the furnac« hat 
} 


becomes explosive 


basis i flam 
mixture is allowe 
ifter the accumulation 
11181 

is the best method to 


The basi operating 


Properly firing on the 
Iree iron 
that « 


ignition eners »an explosive 


)a lurnace 


' 
I 

iths shown 

Supply 


Providing 


chamber to explode ure 
mux ture 


ixture (when adequate ig 


tion energy fuel-air 


to the 
mixture 


increasing the 
ratio i fuel-lean and inert-lean 
lecre ur ratio, to the explosive 
limit, m a fuel-rich du lean mixture (¢ 


the inert concentration the explosive limit, in an other 


decreasing 


wise explosive fuel-air combinations of a, 
iuthors went on to say, 
ivailabl iS a good op 

in prevent furnace explo 

Vv responding to phenom 

The 

fundamental thought pros 

the 

Chis analysis points out 


tion 


results of an 


runnit furnace, was shown by 
iuthors in con 


that 


iputer tvt 


in ice il pe rator id h of the start up, ope ra 


tion, and shutdown fur with a protection system 


consisting of tw tems—one backing up 


the other 
Eve 


shutdown 


n an ideal operator must be able to perform a safety 
Unf ly the « 


ma} prov safe shutdown 


ymmmonly used fuel-trip 
In fact, if the 
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furnace fire is lost because of a fuel-rich mixture ta more 


frequent occurrence than 1s generally realized), directly 
shutting off the fuel guarantees that explosive furnace 
conditions will ensue \ feasible method of obtaining a 
truly safe shutdown is to inert the furnace, by adding ap 
propriate inert material, prior to taking any other course 
of action Inerting the furnace can protect the fireside 
of a boiler tube as a safety valve can safeguard the water 


side No matter how the firing system 1s operated, i 
the furnace is properly inerted no real danger will exist 
It is the only single act in operating a furnace or combus 
that 


cation of a furnace inerting system is presently being ce 


tion chamber is always safe The practical appli 
veloped for use in a total furnace protecting systeii 

rhis intrinsic protection philosophy is the foundation 
rhis 


philosophy is translated into a compatible interconne: 


for a practical furnace “‘safeguard’’ philosophy 
tion of subsystems which can replace the functions of, 
and provide the safety afforded by, the ideal operator 

rhis practical philosophy and its application to a boiler 
will be constantly improved and simplified as new meas 
uring tools are developed By implementing the funda 
mental philosophy with fewer and more reliable devices, 
the total system reliability will increas 

Although 


ire required to 


a substantial number of integrated devices 


safeguard’ a boiler, few more at 


tention than the flame detector 


get 
Unfortunately for some 
installations, flame detectors have been given the blanket 
When basic in 
detection 


responsibility for protecting the furnace 
flame 
the unit is not as safe as it would be if no protection sys 
tem at 

Currently 


1 


terlocks are replaced by a system, 


ill were used 
available flame detectors are basically yes 
no de Vice 


uds, their present use in 


Although some may be suitable as operator 
i Supervisory furnace protecting 
subsystem is to 

| Actuate the device 


there is fire within its jurisdictional area 


something when senses that 
yes) 
2. Actuate something when the device senses that 


there is not a fire within its jurisdictional area (no 
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Valves of quality 


always let you schedule 


boiler outages 


A valve usually receives serious thought only when 
BTU losses become substantial and service to cus 


tomers is endangered .. . 


Hancock Steel Valves are the product of leadership 
in matching boiler and power piping requirements. 
They set the standard for leakproof valve perform- 
ance in public utility and industrial power service 
with designs and materials for conventional, super- 
critical, and nuclear fueled plants. Each type of valve 
has that extra measure of quality that keeps modern 
power generating and all high-pressure process facili- 
ties on the line . . . quality that wards off maintenance 


even under the severest conditions of application. 


The valve illustrated at the left is the Hancock Type 
7130 Steel Globe Valve widely used by the power 


and process industries. 


For technical assistance in selecting quality Hancock 
Steel Valves, phone your industrial supply distributor 


or write for Catalog 200A. 


we FANCOCK Steel Valves 
M A product of 


MANNING, MAXWELL & MOORE, INC. 


TRADE MARK Valve Division, Watertown, Massachusetts 


Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 
Latin America: Export Division, Chrysler Building, New York, N. Y 
Europe: Manning, Maxwell & Moore, S.A., Fribourg, Switzerland 


MANNING 
IN| INOOW 9 





American Power Conference 
in Review—II 


AST irried a fair 
portion ol 
held to be 


however lany 


month's issue of COMBUSTION « 


the American Power Conference papers 


of this magazine 
t he 


of value to the reader 


There were, that in interest of 


rpority 


spac meeting report was divided into ind 


the m 


two parts 


was held over for this 1 ue 


Breed Station 


ilthough somewhat lengthy 
session, that : tult around ““The Breed Plant, The 
00-Mw Font sou for Large, Modern, High Efficiency 
Unit Development” was opened by Philip Sporn and S. N. 
Fiala, American Electric Px 

paper ‘The Che Prototype 
Size Development Breed 1s in 
Coal for its cyclone ught into the 
plant 10 miles, over a captive railroad from 
the Mine of Ay Colheries Che 
entire output ol the pl ints voltage by two 


well attended 


\ ery 


wer Company, with their 
\ Look into Future 
effect i 


fired boiler ts br 


Project 
mine-mount 
plant 

i distance of 
CPhunderbird rehsire 
stepped up in 
75-Mva 3-phase transformers and delivered over a 186 
double the 
American Electri 
Indiana & Michigan Electric ¢ 

In exploiting the 


mule, circuit, 345-kv transmission nto 


Power Systen 


supercrit il pressure evele at 3500 


psi and double reheat, Breed has stepped back in pressure 
ind temperature from far-reaching levels to attain a new 
plateau of thermal efficiency Chis has 


been done under 


terminal conditions carefully evaluated to optimize 


capital and operating costs and produce energy most 


economically 
the area of Indiana & Michigan Electric 
has neither sources of fuel nor well-endowed plant 


ince serv ice 


sites, 1t Was necessary to go outside the operating area to 


find water and fuel ‘lust significantly, in a finding on 


this question raised before it, the Securities and Exchange 
Commission clearly established both the right and the re 


sponsibility of a utility system to seek and use locations 


for its plants, regardless of operating area, that are neces 
sdry to provide optimum commercial energy supplies 


Chis idea has been in development on the 


process ol 
American Electric Power Syster 
It started in 


power to ( 


n over a period of 40 years 
1916 with the Windsor Plant 

; transmussion line 
iS-kv to 


lanners 


delivering 
anton over a 55-mule }0-ky 
It was continued with Philo and its 73-mile, 
Canton, and it 
Creek But it 
500, 000- kw 


was further developed with 
Breed 


with 


remained for to combine use of 


generating units 645-kv transmission 
over a single tower line to bring power from an optimum 


plant site into an operating area almost 200 miles away 


46 


The tra 
’ 


purpose was based on these considerations 


the 


decision to use electri portation 1 


1) Solid confidence in reliability 
bulk transmission 

2) F electric tr 
rail haulage even on the first unit installation 

that 

nomics would improve with Unit No. 2 and particularly 
Unit No.3 

1) Conviction that 
the 


was not long 


oltage 


ivorable economics of insmussior 


3) Certain knowledgs electric transmission 


eco 


such a decision would be further 


endorsed with first increase in freight rates. Sucl 


an increase in coming 


Size extrapolation 1s particularly important Expe 


rience over a long period has demonstrated that extra 
attainable, 
should 


this 


ind 
erally 


polation, to be economically successful 

The 
\ convincing example of 
O00-kw, 2500-psi, 940 900 F 


ratio get 


must be quite conservative 
not be greater than 2:1 

the 77 
boiler, single-turbine generating unit placed in operation 
in 1941 at Plant 
unit led to the postwar installation of seven similar units 
designed for 150,000-kw, 2000-psi, 1050/ 1000-F 
t operation All 
six of these machines in the high temperature parts of the 
the 


practice 1s single 


Twin Branch Experience with this 


each 


rehe 1ustenitic material was used on 


turbine, including turbine piping and valves. In 


last of this series, less expensive territic m iterials were 
this type of 


substituted to check the suitability of 


struction for 1050-F high-pressure steam service 
sults were better than expected 

and full-scale test of 
led to another proje 
output It 
brought a further improvement in efficiency due to the 


LOOO to 


Successful design, manufacturing 
LO50-F service 


to 215,000 kw 


ferritic materials at 


tion in size, this time net 


increase in size and reheat from 


L050 F 


temperature 
rhis led to a long line of excellent production 
units which im later versions were expanded to 225,000 
kw, making the next step more difficult 

It was obvious that an increase 1n unit size alone would 
not achieve the necessary control over rising equipment 
and construction costs. Substantial 
thermal efficienc 
The 


difficult problem of introducing new ideas into the designs 


improvement in 
had to accompany the next size projec 
tion uuthors reported facing this particularly 
of natural-circulation boilers which had sufficient promise 


to imsure progressive improvements in larger sizes 
Much larger and thermally inflexible steam drums, with 
equally undesirable heavy-walled 
the 
particularly urgent because of the rapid system growth 


Phe 


pressure parts, mace 


once-through type of design necessary and load 


Breed Plant is the first commercial unit based on 
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Phil 


No. 6 1 


I operating exper 


ices which 


irranged in a single row 


in both the fro: 


iré 
ls of the fully-studded lower furnace Re 
gas 18 introduced at the top of the 
iS ft deep, and, after mixing with the 


Notwithstand l unexpected and paini nd rear wal 


troubles, it is now perfor better than expected circulating lower fur 


first of two nace, which 1s only 
the 

tem h ond unit was later scheduled as an addi 
to the 


into con 


Breed “oot is the 


project 
installed on furnace gas, flows through the upper furnace which is en 


12 ft Che gas then flows up through a 


0-Mw supercriti 11 t r 
larged in depth t 
} ‘ 


vection heat-absorbing section consisting of the secon 


the 


This unit, too, has now con 


Now rated at 500 Mw, dary superheater first and second stage primary 


turbine-gen¢ il except that the ger superheater, the high-pressure reheater, the low-pressurt 
reheater and the e« 
vertical-shaft preheaters are 
the The 
cated outdoors and is pressure-fired with no 1.d. fan 

[he takes 


Feedwater from the high-pressure heaters 


water-cooled, 
VW iter-cooling, so | 


the Sporn Unit, should 


Stators on mines are onomizer 


hree regenerative alt 


located ve convection section umit is lo 


future high-capacity 
flow of steam and water through the unit 


Philo 


mate 


operati percritical unit at 


this pattern 


monstrated the f ibilit 10 F as a suitable flows up through the economizer and then through out 


or 4500 psi, ind nsuccessful in producing ers to the cyclone 


to 


furnaces 
the 
wid then to the 


side downcon \fter passing 


; 
i 
’ 
i 


materiais justify evelone water flows through 


through the 
the 
the 


steam 


ow-enough-cost higl mpe furnaces, 


fron furnace where 


then goes through the superheater screen, the pri 


their cost lower furnace upper 


conditions on the Bree theretore, were 


then appe 
3500-9s1 
psi, 


transition from water to steam takes place 


what ired to be he most attractive coml 


tion of 050-1 ssure steam, with two mary superheater, and finally the secondary superheater 


ges of reheat, both t Our work since 1956 have a 


the 


Furn and burner 


effect on heat absorption 


ice geometry 
both 
convection heat absorbing surfaces of 


heat large 


pronoun t d 
the 
i Steam generator 


has not only confirmed has shown further in furnace and 


economic 


first-reheat tem 


peratures Since ibsorption has a influence on metal 


The 
was pres nted by 
Griffin. The 


oF it produce Ss. 


first paper on sta 
G. 

stearn vel 
1060 F temper 
h to 1050 | The 
ndamental differen 


1050-1 


iture 


: ()- st 
[ 1050-} } 
rator and the ; 

steam 


These 


gener 
were 


\ unit 


critical pressure 
nsity differential 

tio 

\ unit desi 
ibsorption of 
iting st 

4, 3500-psi 
me-third th 


tw 


gener 


thirds f 


distribution 


proved in drum-ty 
critical unit 

The boiler is 
slag tank to the 
furnace and convectio1 


deep and are support 
lower furnace and the 


supported from fluid-he 


hang fromm the top steel 
Crushed coal is fired 
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W. Bice, 


50.000 Ti 


gn Steam 
P. H. Koch 
the Breed 
1 per hour at 
two 
held that there 

the 

drum type steam gene 


1O050-} 


(,enerator 
ind E. M. 
wr for 5O0- Mw 


See) psi 


reheat, 


tean 
stages ol 
two 
4K) 


were 


conventional 


double-reheat 
be considered carefully 


it sou) psi 
LL1S¢ it 


ind there 
factory natural circula 


must be of 


ype bee super 


is insufficient 


Si must provide fo 
he total heat 
for superheating and re 


input for 


t provide for absorption of 
team 
Phis 


gas recirculation 


nput for generating 
ind reheating 

use ol 
gas temperature 


resolved, 


differences 
that 


be incorporated in a super 


ir¢ 


have been tried and 


1) ft in the 
The upper 
wide by 42 ft 
steel The 
bottom 


height from 
preheaters 


ire oz It 


fron 
POUL 


Tor 

I 
lurnaces are 
ort tubes which in turn 


diam cyclone fur 


temperatures, it 1s important that the furnace and burner 


geometry result in a good distribution of heat throughout 


The 


relatiy 


ely low ash 


fusion temperature of the fuel, 


coupled with the small percentage of the total heat that 


must be absor 
4 vclone 
tively 


sl ig remoy il 


lurnace 


led to tl 
firing and gas recircula 


bed in the furnace, 


small, fully-studded, lower furnace 


over a wide operating ran 


1e use of opposed 
The rela 
facilitates wet 


tion 


ge and, further 


ids in thorough mixing of the recirculating gas with the 


product ts ol 


per cent at I 


combustion Recirculated 


ull load—1s introduced at 


about 30 
top ol the 


gas 


the 


lower furnace to temper the combustion gases below the 


lagging temy 


passes and ti 


upper turn 


One charac 


Pp irallel tube 


different from 


erature before they enter 


» assure 


ice and the convection surface: 


flow tl 
lurnace 1s 


teristic forced 
s heated 


that in 


ol 
in a 
i natural circulatior 


the convection 


an even heat input to the large 


ough multiple 
fundamentally 
With 


1 system 


forced flow, the tubes receiving higher heat input have 


proportionally less flow than those receiving less heat, 


whereas with 


more } 


nav 


natural circulation, those 
e the higher flow rate 


tubes receiving 
rherefore, with 


forced flow, it is imperative that both fluid and heat dis 


tribution in 
At Breed M“ 


combination 


flow pattern is 
velon 
ire balanced and close to the temperature of 


ill the « 


ope ration 


the furnace 


iter flows through the cyck 


of series and parallel flo 
ol 


furnaces, regardless 


the furnace be carefully balanced 


me furnaces in a 
Mhic 


w paths 


such that the fluid temperatures leaving 


the number in 


walls to which the cyclones are attached 


Entering the bottom of the lower furnace walls, the water 


then flows in 
outlet 
enters 
p ith 


enclosure 


where 


the uy 


entering the 


an up-down-up path to the lower furnace 


ill the fluid is completely mixed 
and flows through a 


yper furnace 


screen and the convection 


It then 
similar 


After leaving the upper furnace and convection 
it is given a second complete mix before 


The 


surfaces. 


transition from water to steam occurs in the upper fur- 


nace walls 
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heat ab 
untains 


boiler, the 
l 


During 


sorbed in turnac water 


circulation Phe only lim m firing rate 1s that of the 


gas temperature entern superheater \ 


through forced-flow nerator depends uppn the 


flow 


perature 


feed pump to pre th quired minimum water 
through the circuit po ligh ¢ ten 
Phu ib 


essential 


tart-up flow 1 


flow, the by 


tical 
the flash tank 


ling yf ! or the 


team generator 


turbine 


fluid 


feedwater in the 


1) Utihzing gy rt ie | > the 
entering the by 
high-pressure he 

Phe turbine on the 


were ce third of full load flow 
1 the 


Philo prototype 
it O50 F | 


initial investment 


ugned for one 


recuce both the start up time an 
the Breed unit was de 
full load flow 


the remainder of the 


igned to start up with only 10 pet 


cent of through the turbine by-pass, with 


start-up flow through the lower te 


perature, less expensive, superheater by-pass valve 


wmal cold start up, a water flow of 1,100,000 
tablished through the 


temperature of the 


During 
turbine by-| 
fluid leaving 

turbine 


Ib per hour 1s ¢ 
ilves and as the 


secondary MO | 


super he iter reas he 


using steam 


the deaerator are 
flash tank \t 600 F, stear 
able for he iting the feedwater 

such that the turbine by-pass 
000 Ib per hour flow and 
\t S50 | 


put into service, 
from the flash tank is a 
\ bove 6H50 F the 

} 


specific 
volume of the fluid i ilves 
will no longer handle the 1,100 
the superheater by-pass valves begin to open 


the flow through the | 


pass Vaives has been ce 
creased te 


turbine by 


ipproximately 350,000 Ib per hour and stean 
rolling the 


use of flash tank steam to heat the 


conditions are satisfactory for turbine Phe 


feedwater greatly r 


duces the time and the heat input required for start up 


Between February 14 and June 2 1960, when the 


unit was first paralleled, the following modifications wer: 
ind =the 

eight | 

walls The 


tntained at mperature 


found Both he lower furnace 


steel by 


necessa©ry 


supported from t 


cy lone 


60 ft high, located outside nace 


loops, 


support loops must be m close 


to the iverage enclosure temperature to minimize 


lifferential expansion between the upper and lower fur 


Chis 1s done by circulating a portion of the 


outlet thre 


nace W ills 


fluid from the ugh the 
d outlet of each 
ind downstre 
, Although the orifices were 
load range, they were not 
start-up conditior Che 


f the fluid passit 


upper lurnace 


In the original design the inlet ar 


support 
onnected upstreat im ot orifices 
furnace outlet 
ed ft 


ry tor transient 


ruiner 
pip 


correctly r the satistac 


low spe 


volume gh the orifices during 


up resulted 1 \ w flo hro 1 the 


support 


ps with much nsferred to the 


support fluid 


betwee »- flow 


overcome 


orifice pressure dror 


gh the suy 


tubes Circulation 1 t] support tubes 


ed to down-flow installing 


the botton 


the orifice dé thus making both 


down-flow required less pressurs 


lrop than the reducing the 


nal orifices 
temperature t 

occurred in the 

down-flov 


sects 


: superheater 
Because this tube failure occurred n ‘ f the 


fluid recirculation was Addi 
stalled 


iking place during tran 


uperheater, 


tional thermocouples were btained 
recirculation was 
condition [he 


fluid my 1 unbalances 


showed that 


sient recirculation was due to 


TT ill 


start-up 
resulted in 


which 


lifferentials large enough t ercome the rela 
through this down-flow se« 
ition of the temperature-enthalpy and 
relationships of water and 


of he 


ww resistance to flow 
tion \n examin 


specific volume-temperaturt 


steam at 3500 psi reveals the large quantity 


quired to raise temperature a few degrees in the 


rone, and the ec pondingly high increase in 


volume (reciprocal of density) which takes place with 


these few degrees of temperature chang 


The second section of the primary superheater 


changed to up-flow to assure a positive flow throug! 
section during all phases of operation 


When the yutlet 
to the perature of 710 


superheater temperature was 


transition tem 730 F, steam tem 


peratures in the four team leads varied as much a 


0 FF 


main 
he spread in temperatures occurred each time 
the steam temperature was raised to the transition range, 


ind was due to flow stagnation in more of the 


one or 


} 


because small 


differ 


low 


steam leads his stagnation occurred 


fluid temperature unbalances resulted in density 


entials sufficiently large to overcome the relatively 
resistance to flow through the down-flow steam leads 

Che 
modified to provide pressure equalization and a partial 
fluid 


of the secondary superheater during all start-up transient 


secondary superheater outlet steam piping was 


mix of the his assured flow through all sections 
conditions and thereby prevented excessive spread in the 
team lead 


steam lead 


spre id of 


ifter the 


temperatures The maximum 


during start 


25 F 
difficulties 


te rrp ratures 


ups 
ilteration has been about 
Although major 
start up of this unit because start 
vated, all of these difficult 


intict 
orrected ind perlormance ol the 


were encountered during 


up transients not 


were 


fully have been satis 


factorily « unit has met 


or exceeded expectations Lower thar 1 fluid 


pressure dr g with well balanced absorption in the 


furnace ection sections, h made it possibl 


to ach inuous steam outpt 50,000 Ib per 


hour 


C. P. Lugrin, P. G. Ipsen, J. A. Massingill and 


Oliver combined to discuss the rurbine ¢ 


Che Breed 


f attractive featur I 


nt of turbine 
ich elet 


it th 


irrangernn 


gh pressure section 


d the 


with the hi 
first reheat se 
nent The ret 


f each elemert ontain the se« d reh 


lary element 


ction Che 


tt i-rpn 


yw low-pressure 
the two 1 turbine elements is 


iking | 
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The second-reheat ure sections also are du 


phlicate [his duplication reduces the number of spare 
for this installa 


irts, which 1s portant 


tion where spare r were purchased 
he location of 


tions on different 


sure and first-reheat sec 
relatively 
piping 
two elements 


ior a uncon 


1 layout fo nperature There 


gyeste 
ire no crossover D betw the There 
ind 


the 


fore, no restriction keeping the primary 


secondary elements gether Furthermore, 


layout 


between 


problem issocialé with large crossover pipes 
the inated The 
overs go from the exhau the second-reheat sections 
to the the 


pressure short 


only 


elements CTOSS 
low 
Chis 
intercept 


inlets of the double-flow portions of 


sections nd he ire quite 
irrangement, co location of 
ilves right on the f md-reheat sheils, results 
in small entrained nes and keeps the over 
speed, on loss of load, t um despite the fact that 
both the and 
moment ot rela 


the adv 


rotors have a low 
From this 
Breed 


reheat 


turbine erator 


inertia their output 
seen that the 


double 


intage n be 
d for the 


review ot 


turbine arrangement ute 
cy le 
The combin 


ditions of 3500 psi 


ition of large volume flow and steam cot 


1050 F, made it desirable to use four 


main stop valves so that the wall thickness of the indi 
] rates ol tem 
thermal stress The 
differently 


inlet strainer is lo 


vidual valve bodies wil reasonable 


perature change without excessive 


themselves aré¢ rranged 
it the 
( ich 

the 
er reduces the required wall 
Iront 
chambers are con 
the SAlTiie 


equalizer pipe be 


valves somewhat 
than is the usual practice 
cated the ilve dish 
rounding it [his design reduces 
the body, and still 
thickness rhe four | ilves are 
of the 


nected 


ibove ilve instead of sur 
inside diameter of 
ilve furt 
located in 
turbine, and tl ibove-seat 
together by quanzer pipes of about 
the mat Phe 
' 


the inn ilve i lally Serves aS a 


four turbine 


size as 
tween two 
the 


ilve. which by 


is well as for 
| iin stop valves during 
Starting 
Che 
necessary flow of wa 
The \ 


hour of 3500 psi ‘ 


turbine by-p lve ire used to provide thi 


through the boiler during 


Start up ibout 240.000 Tb per 


will pass about 1,000 
The location of 


as the 


000 Ib per hour of water 


they drain 
ibove-seat 


do not cool off and fill 
ind the turbine running 


these serve 


by pass 


chambers of 


tay ve opened immediately after 


shutdown without be ibjected to rapid tempera 
] oe 

to two control 
of the hig] 
There are four 


omotors lo« 


four main stoy lve eed steam 


Phe 


( che sts wh eat h sicle 


floor 
© SeTV 


pressure section 
nt standard operate 
1 mechanisms 
1 connection 


that « 


ves feed 
ugh-pressure section a! re pj sO 
pressure inlet in each chest 
irrangement makes possible the full closed testing of all 


the 


' 


valves in o hest while the turbine is carrying load 
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Eight valves were chosen rather than four to permit the 
use of simple unbalanced valves of a size and type which 
has been used widely with good success at 2400 psi 

rhe shell the region of the first-stage 
seals maximum pressure difference of 
1600 psi between the first stage and the exhaust at a 
vel of about 975 F 
plish this end utilizes bolt cooling 
the fifth 
their relaxation strength to 


inner joint in 


igainst a about 
The design to accom 

A small amount of 
the bolts 
a point 


temperature ke 


steam extracted from stage cools 
increas 
joint will stay tight for normal periods be 


Phe 


suitabl 


enough to 
the 
tween retightening 


where 
outer shell joint is of conven 

bolt 
about 


tional construction of proportions, and 


material, to seal against the exhaust pressure of 
1O85 psi 

\fter the steam is reheated to 1050 F in the first re 
heater it comes back to the first-reheat section through 
two parallel reheat stop valves and two intercept valves 
Che reheat stop valves are located in front of the first 
reheat section, and are the swing-gate type having a very 
low-pressure drop. The intercept valves are angle-body 
type, and bolt to the upper half of the high-pressure shell 


They are operated by servomotors located in a base 


under the turbine front standard 
Phe 


other 


the 
time to 


detailed 
generator 


iuthors continued to data on 
the The 


bring the turbine up to speed was set at 10-15 min for 


give 
sections ol turbine 
either cold or hot starts instead of using longer times for 
cold 


S50 F 


starts Steam conditions at start up are 4500 psi, 
Phe turbine 
by-pass with the control valves wide open 
the 


acToss 


brought up to speed using the 
stop valve 
is built up in 
using temperature difference 
Phe allowable differen 


depending on metal tem 


\fter full speed is reached pressure 
chests 
valve chest wall as a guide 
260 to 160 F 
with the higher value permitted at tempera 
1OO F [ lor 


control-valve 
the 
tial 


perature, 


inies trom 


ture below nder these limitations, time 


varies from approximately 
i hot 


pressurizing the steam chest 


one hour for a cold start to just a minute or less for 
Start 

After paralleling the unit, load is raised to hold the 
first stage shell wall temperature differential within 150 
leg F At 100-Mw load 
sychronizing device to the 


ilves maintain throtth 


control 1s transferred from the 
The tur 


and load 


pressure governor 


bine control 


pressure, 
transferred to the boiler feed pump and further 
either the 


lriven boiler feed pump 


control is 


increases are made with motor-operated of 
turbine 

Load 1s increased as determined by the proper heating 
ISO Mw, using the motor-driven 
this the 


flows from the 


rate, to approximately 


boiler feed pump. At turbine-driven 


tarted and the 
The motor-driven 
turbine 


poimt, 
two pumps are 
shut 


increased 


UMP 1 
down a 
The 


unit to about 208 Mw 


pump 15 


I 

p iralleled 
| 

i 


the driven 


en pump Can Carry 


oad on 


pump 15 
motor-driv the 
the 


to about 1) \Iw 


while turbine-driven pump can carry the unit down 


The subject of the “Thermal Cycle Equipment and 
Periorn was given by T. T. Frankenberg and J. A. 
Tillinghast. The thermal cycle selected for Breed Plant 
was greatly influenced by experience with the prototype 
unit, Philo No. 6 
$500 


ince 


Pressure for the prototype had been 


chosen as in order to extend the exploration 
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well into the supercritical range, 
initial difficulties that might occur m the event that un- 
immediately 
that 
prototype 
both 


desirable to 


foreseen discontinuities were encountered 
Breed 
unit at 
1500 and 
make all 


it the lower pres 


adjacent to the critical pommt sy the time 
had to be 
Philo had been operated succe 
had 


starts and particularly 
This was due only to the 


confirmed, the 
ssfully at 
found 


pressure 


bee Nn 


hot 


3500 psi, ind it 
restarts 
sure greater ease in matching 
turbine metal temperatures, since there was less expan 
sive cooling of the steam when throttling from 


controlling the 


3500 psi, 


and not té any mechanical difficulty in 
higher pressure 

With the Breed established at 
was possible to avoid the use of austenitic piping if the 


1050 F The 


the economic prob 


pressure for 5000 psi, it 


temperature was not above history of 


iustenitic steam lines 


to base 


cracking in 


lems, and a reluctance major units on a scarce and 


ll factors in the decision 


1050 F 


at times critical material were 
to establish initial temperature at It was inter 
that with Breed 
volume flow to the first stage 
iter than at Philo 
volume flow permitted the internal efficiency of the high 


to be impr ved ip rreciably 


esting to nots ; conditions of 
L050 F the 


about five 


4500 psi 
and nozzles was 


times gre [his increase in 


pressure turbine 


Double reheating was retained, as in the prototype, 


had caused no operating complications at Philo 
00 Mw, double 
thermal ad\v 
ind reheat temperatures 
3500 


since 1t 


For a umit in the size range of reheat 


provides approximately the intage as 
ed if both initial 


SO F on a singlk 


Sarnie 
could be uch 
reheat 
that over the hfe of the 


would deliver it 


were raised by 


It was felt 


psi turbine 
double 
incremental improvement in heat rate, 


unit reheat 
with markedly fewer complications and less metallurgi 
cal uncertainty than the alternate course 
Reheat pressure-level studies showed that the highest 
efiiciency occurred when the entropy increases across th 
high-pressure and first-reheat turbine stages were about 


equal he change in efficiency, as pressure is varied, 1s 
not sharp rherefore the two reheat-pressures were set 
at 1000 psi and considerations 

the 
alter 


rela 


mechanical 
flow 
turbine 


350 psi tor 
the volume through 
and the first 
initial reheat pressure at the 
el of 1000 psi, a heater 
suitable for a feedwater temperature of 
abl 


turbine lo 1 


The most potent was 


second reheat system Stage 


reheat By setting 
extraction 
45 F 
ind no extraction was taken from the high-pressurs 
oderate the highly 
um in feedwater he heaters next 


tively high lev point 


was avail 
loss due to use of 
superheated st iters, the 
below the two 
that the 
cold reheat points was 


ill he 


rhe reduction in 


reheat points were depressed in pressure so 


temperature increase 1n ¢ ich of the two heaters 


on the ibout » to 1.75 times the 


average rise 1n iters 


ind the 
outset, that feedwater te mperature 


Lin 


initial pressure to 3500 psi 
knowledge, from the 
would be in the general order of 545 F resulte 1 modi 
ment when com 
that 


i water pres 


fication of the boiler feed pump arrange 
prototype \t Philo it 
feed-water heaters designed for service at 


pared with the was found 
sure of 5900 psi were too costly so that it became prudent 
to divide the feed pumps to allow operation of the heaters 
at an intermediate pressure of approximately 2200 psi 
\t Breed the lower initial pressure improved the outlook 
for full pressure heaters, while the higher feedwater tem 


perature indicated that there might be extra problems in 


50 


and also to avoid any 


sealing the high pressure pump if it were placed above the 
last heater It 

feed pump power would be required in pumping at tem 
ibove 500 F An added 
from the 


was noted that a significant increase in 


factor operating to 
prototype s was the 


peratures 


change the pattern away 
successful operation of large, turbine driven, single boiler 
feed pumps on the Glen Lyn 6 series of 225-Mw units, 
beginning in the spring of 1957 

lurbine drive was favored because the feed pump of a 
I the largest 


trical problems would be eliminated by 


+ 


supercritical unit 1s by far single auxiliary, 
ind numerous ek 
this choice. On once-through units a higher proportion 
of the feed pump head ts used 1n overcoming system resist 
further adv 


Weighing these factors it was determined 


ince, thus cre iting a intage for variable 


speed drive 
to use split pump arrangement with the main pump tur 


bine driven, while three half-size motor driven low pres 


sure feed pumps were used at the outlet of the deaerator, 
pumping through two intermediat heaters at 


Hi) psi 


pressure 


about before entering the suction of the main 


boiler feed pump. By this method only heaters 8 and 9 


ire designed for 4500 psi tube pressure, and the major 
portion of pump power ts introduced at a water tempera 
HOF. He dat 
they when all 


valves and controls were considered, but would provide 


ture of iters S and 9 were purchas« twin 


stream, were not only less costly 


Since 


the added advantage of permitting full flow at nearly full 
Heaters | through 4 


were arranged as a single stream with provision for bypass 


temperature through either stream 


ing any one individually on the water side Following 


in AEP practice of 10 or 12 years standing, the two 


lowest pressure heaters were not provided with steam 


valves, either shut-off or check valves lerminal tem 


perature differences were carefully evaluated on all 
heaters 

Che main feed pump is rated at 7200 gpm at a head of 
11,170 ft 
20,000-hp eleven-stage impulse turbine exhausting to its 
higher 


How 


while operating at 3600 rpm rhe driver is a 


own 18,000-sq ft condenser Experience with 
speed turbines and pumps was exceedingly good 
ever, for this unit the relatively low speed of 3600 rpm was 


chosen to avoid the « xpense ol double-flow exhaust stages 
the 


this speed did not represent a 


Because of very large flow through the feed pump, 


serious compromise with 
regard to the desirable specific speed requirements 
this 


with 


Operation of turbine and pump has been most 


satistactory no outage of the turbine traceable to 


this equipment. Pump efficiency has been about 


cent better than its high guarantee 


» per 
However, an un 
ondition has been ex 


low flow conditions [his 1s 


expected and unsatisfactory surge « 
perienced at ussessed as a 
function of the low attack angle between water and impel 
i high ratio of eve-to-in 
resolve the | 


ler, accentuated by ipeller diam«e 
Model 


cause of this phenomenon, the only unforseet 


ters studies are expect d t iSiICc 
result of 
i large extrapolation in pump design 

A standard requirement of supercritical units, at least 
third full flow 


iny 


it that time, was the provision that one 
generator befort 
Chis precluded the 


with a 


must be passing through the ste 


firing of the unit was permitted 


opportunity for a boot-strap type of operation 


small start-up pump, which had proved a highly satis 


factory method of bringing the Glen Lyn 6 series from 
about 400 to 500 psi 


full 


where the start-up pump becomes 


inadequate) to flow and a pressure of 2000 psi. 
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The requirem igainst full pressure 


made for a It was determined 
that the in 


third to one 


increasing its size from one 
lly justified by the additional 
r the main feed pump This 


ntage in the added overlap be 


back up it would 
provided an opera 
tween the load at 1 pump drops out and the 
upper limit a hich the tor-driven pump can safely 
handle the load f orary 


the low flow surg 


expedient to overcome 
i substantial increase in 
emergency leak th pumps and it was for 


tunate that sor vdde erlap had been provided for 


the critical step of nsferring from one pump to the 
other 

Variable speed wa for the start-up pump also, 
sure build up on the boiler, 
sure breakdown at the tur 
Variable 


500 hp 


to provide for gradual 


thus 
bine by 


avoiding unnecessary pre 


es W ndling cold water 


’ . ] 
pass iy 
speed was achieved | the pump from a 13, 


wound-rotor motor witl peed range of approximately 


360 to 720 rpm, and then through a speed-increasing gear 


to a top speed of 3500 rp1 he motor-driven feed pump 


barrel- ype pump capable of delivering 


uc head of 11,170 ft 


is a Y-stage 


5000 gpm igainst a total lvnan 


A. S. Grimes 
paper Instrumentatiot1 
mentation and control 


ind W. S. Morgan collaborated on the 
Controls The instru 
Breed Unit 1 extends the 
developed on the AEP 
unit 1s provided with a 
ated all of the instru 

and 


centralized 

stem in the past 
central control room in whi 
ontrols 
the unit vell as the 
g, the transmi witchyard, and Dequine sub 
In addition, the 


trumentation, including an 


nece 


Start up, 
controls 


ments and «¢ operate 


shut down for coal 


ition located some iway 


ontrol houses 


logue comy 


room 

the thermal perform- 
ng cycle with a once 
requires such close co 

ind the 
pecome one 
il is the 
plied 
system 


turbine gener 
control sys 
de sired yenera 
manually by the 
load 


the rat f feed water flow to the 


operator or automatically b he control 

Chis primary signal set 

generator \ subcontrol loop adjusts the 

juired to maint desired rate of flow 
either 

heostat for the 


ra pneu! I Lil operated speed changer 


steam pump 
speed as re 

Che control signal pe a potentiometer in 
the amplidyne motor 
driven pump « 
r of the pump turbine 


throttle 


in the govern 


team pressure it the is controlled by 


positioning the 


turbi ntrol ilves. Under emer 


ney conditions, the peed goxernor can limit 


the turbine cortrol va ‘ ning to control overspeed 
uniting control then comes into action to 


to hold the 


ind a pressur 


reduce feedwater pump speed if necessary 


throttle pressure at a iximum value 


: 
Firing rate is adjusted control the 
| 


lesiret 


main steam tem 

perature at the « Since there are four super 

heaters in parallel some means of maintaining equal outlet 
temperatures required. This is 

spraying a fixed quantity water into the inlet of on 

rhe outlet temperature of this superheater 


steam done by 


superheater 
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is then used as the control signal for the combustion con 
trol. The other three superheaters are equipped with 
conventional spray attemperators to control their outlet 
temperatures to a value equal to the outlet temperature 
of the control superheater 
the combustion control 
Phat 1s, it 
ind steam temperature as the two ele 


In conventional terminology 
loop is of the two-element type uses feed 
flow rate 


Che control loop acts to balance the energy in 


water 
ments 
put to the steam generator to the feedwater flow rate 
Deviation of the steam temperature from the desired 
value causes a correction to be applied to the energy in 
put. The combustion control has proportional plus reset 


with a minor amount of rate 


Che proportional response is adjusted automatically to 


response very response 
compensate for the number of cyclones in service 


he spray attemperator controls have proportional 
plus reset plus rate response with the rate and reset in 
were two water control valves 
the 


steam generator after preliminary operation led to elimi 


Originally there 


parallel 
for each superheater section. Changes made to 
nating one of the valves in each set 

The superheater section which is used as the control 
section for the firing rate also has a spray attemperator 
control for protection against abnormally high steam tem 
perature from mis-operation of the firing controls 

he combustion air flow rate is controlled in parallel 
with the fuel rate with automatic correction of the overall 
fuel-air ratio from 
Gas analyzers are provided at each cyclone outlet to cor 


iutomatic analvsis of the exit flue gas 
rect the fuel-air ratios of the individual cyclones 

In the « 
of the firing capacity, a low steam temperature override 
feedwater flow rate to 


vent of an accidental loss of a substantial part 
controller will reduce the a value 
equivalent to the limited firing rate 

rhree sets of gas proportioning dampers are used to 
distribution of among the two re 


control the energy 


heaters and the superheater These dampers are posi 
tioned so as to maintain each of the two reheat steam tem 
value The second reheat 


peratures at their desired 


steam temperature must be reduced under conditions of 
low load and high turbine back pressure in order to pre 
vent the turbine exhaust steam from being superheated 
rhis is accomplished by providing a set point adjustment 
from the turbine exhaust steam temperature controller 
Che Breed unit is equipped with two sets of by-pass 
valves and a pressure breakdown system to provide the 
required flow capacity by-passing the turbine during 
steam One set of valves receives 
water or steam from the inlet of the turbine stop valves 
hese valves are operated sequentially from a hydrauli 
cally dri 
ire connected to the outlet of the first section of primary 
superheater. These valves are air-operated with their 


positioners adjusted so that the eight valves open as two 


generator start up 


en camshaft rhe second set of eight valves 


valves in sequence 

single-element, 
at a preset value 
valves can be on automatic control 


rhe control system is operating to 
maintain the throtth 
Either or both sets of 
When both sets of valves are in service, there is provision 
for changing each set's participation so that a smooth 


transfer of flow from one set to the other may be made 


steam pressure 


Pitot tubes in the main steam loads are used to determine 
the portion of the flow through the turbine by-pass valves 
under start-up conditions 
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Other control loops maintain the water level and steam 


ind control the sequence of 


pressure in the flash tank 
using flashed steam for deaerator pegging, turbine steam 
heater gging As much 
feedwater to 


idditional 


seals, and high-pressure 


steam as possible is used in heating the 


reduce the heat lost during start up. Any 
steam from the by-pass system is dumped to the main 
condensers. The ability to control feedwater tempera 
ture during start up is of value in controlling the heat 


pick up in the steam generator during start up and 


particularly when passing through the transition from 


water to steam 


The Breed unit 1s equipped with bunker 


tutomat« 


filiing equipment his equipment conveys the coal 
from a surge pile in the storage yard to the two bunkers 

rhe control system is completely static using magnetic 
necessary control, inter 


\ bi-stable amplifier 
speeds from crusher 


logic elements to perform the 
locking, and protective functions 
to control the coal 
his 


to comps nsate tor 


is used feeder 


motor current control circuit includes a_ time 


delay 
feeder speed and a change in crusher loading 

lo date, there littl with the 
logi elements The belt speed measuring devices have 


t 
rhe 


a problem particularly in freezing weather 
requires a 


the lag between a change in 


has been very trouble 


been 


proxinuty switch used for level indication 


paddle and linkage in the bunker his linkage has 


jammed occasionally 
Before a fire can be lit in this once-through steam 


generator, a minimum flow of 875,000 lb per hour must be 





CHECK BOTH 


OXYGEN 


in the feedwater 


HYDROGEN 


in the steam 











OXYGEN is well known to be an active 
source of boiler corrosion. The oxygen 
dissolved in feedwater is determined di- 
rectly and continuously recorded upon 
the Cambridge Dissolved Oxygen Re 
corder 

The oxygen set free by dissociation of the 
water in the boiler is equally damaging 
Its presence is determined by measuring 
the free hydrogen in the steam conden- 
densate. Cambridge Analyzer-Record- 
ers provide continuous records of both 
the oxygen dissolved in the feedwater 
and the hydrogen in the steam—on one 
chart if desired, thus enabling prompt 
corrective measures to be taken 


Complimentary copies of these 
bulletins will be sent upon request 
A. S. T. M. BULLETIN 0D1588-58T 
CAMBRIDGE BULLETIN NO. 148 BP 


record either 
simultaneously Cambridge 
Analyzers, PH Recorders 


ng gaseous mixtures 


Instrument shown may be used to 
Ory or He or bor 
also makes Hydrazine 
and instruments for analyz 


CAMBRIDGE INSTRUMENT CO., INC. 


1676 Graybar Bidg., 420 Lex. Ave., N. ¥. 17, N.Y. 


CAMBRIDGE 


Dissolved O. & H 
ANALYZERS 


Pioneer Manufacturers of Precision Instruments 


established With this design, an additional 
ment is that the natural circulation valve stem must be 
backed away from its disk after the minimum flow has 
been established. These interlocks incorporated with 
the conventional gas side interlocks provide the permis 
sive firing interlock with boiler ignitors 

A tripping-sequence monitor is provided to aid in 
analyzing the unit trip outs. This 
provides a time sequence record of the operation of all 


require 


causes of device 
tripping devices 

Steam temperature control during slag blower op 
Inter 


action between the firing control and the attemperator 


eration in the superheater is still under study 


this time and causes some cy ling ol 


[he most 


controls occurs at 
the steam temperature promising means ol 


improvement appears to be revision of slag blower 
operating schedules to control the order in which tem 
peratures change through the steam generator circuits 
Some trouble was experienced at the start in control 
ling flash tank level 
sized to handle the full by-pass flow with virtually no 
pressure drop. As the fired, these 


valves handle less and less flow with the pressure drop 


Originally, the drain valves were 
steam generator 1s 


made to 


flash 


increasing to about 750 psi A change was 


maintaining 175 psi air pressure in the 
flow became hot 


Chis permitted reduc 


permit 
tank 

flash into steam at this pressure 
ing the drain valve capacity appreciably with substantial 


until the by enough to 


pass 


improvement in the control response 


E. B. Morris then took on the subject of ‘“‘Chemical 
Control and Cycle Clean Up T he 


known as the condensate polishing 


condensate cle in 


up system, also 
system, was designed to operate in conjunction with the 
start ups, and 


It is arranged to carry 


turbine by-pass system during ilso 
during normal unit operation 
out the following functions 

1) Clean or “‘polish’’ the ¢ 
tration and demineralization 


deferred or 


ondensate stream by fil 


2 Permit a orderly shutdown in the 


event of condenser leakage Each condenser hotwell is 
divided into two sections for this purpose 
3) Polish 
iake-up 
! Clean contaminated heater an 
normally enter the cycle downstream of the filters 
5 Divert the condensate flow to storage at 
divert up to one-third load condet 
Contaminated and clean 
900,000 gal for this 


evaporator vapor condensate for cyck 


d other drains which 


entire 
Start Sate 


flow in 


ups, or 
normal 
tanks 


ope ration 
storage were each sized at 
purpose 

6) Prepare demineralized water from zeolite softened 
No ev 
ition was possible until the unit was in operation 

rhe basic elements four filters, operated 
in pairs, and three Phes 
demineralizers operate at conventional flow rates for a 
5,000 Ib per hour 


nt of 


river water for the initial start up uporator oper 
comprise 
mixed bed demineralizers 


total maximum of 67 his 1s equal to 
thar 


full load condensate 


more 60 per ce start-up flow and about one 


third of flow Che demineralizers 
may not be operated except on pre filtered water 

rhe filters employ wedge-wire wound tubular elements 
surftace area Operating at a 
they 


flow 


each having 250 sq ft of 
filtration rate of 
cent filtration of full load condensate 


} gpm per sq ft, permut LOO pr 
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Water Treatment 


the 
handling of con 


nference staged one of 
on the 
ind flash ev iporation 
rhe first of fours opened by Paul J. Hamm, 
C. H. Wheeler M . th his Effective 


ition in Surfas Recent Experience 


sale 


paper Deaer 


' 


1 for Increasing the Sensi 

Measurement of Steam 
R. W. Lane, C. H. Neff and 
te W 


uthnors 


iter Survey Several 


innounced, have sug 
present conductivity meth 


purity Chis paper re 


ports the 


principles to the measure 
excellent 
determination of steam 


ment of condu 1 ‘ sensitivity and 


precision now the 


purity with these impr ments 
of the 


nt in steam and having no 


Since the first 


tivity ol vg 


method, the conduc 


ises, nor! prese 


bearing on mineral « er, has caused serious inter 


the result Ammonia and carbon dioxide 


ference with 
of the 


ire two gases known to cause serious interference 


with the conductivit urement of steam condensate 
The authors then 1 ! 1 
pH 


gases 


i series of figures showing 
and 


the 
these 


relationships for mixtures of 


ons lor preparation of these 


figures were 
the 


been formulated 


performed the Digital Computer Labora 
Ini 


tory of iversity of Illinois. Since the 


equations 


1 


have ilar graphs, it is said, now can 


be easily prepared for other systems, such as the morpho 


line-carbot vclohexylamine-carbon di 


xide systen vided ionization constants 


ind equivalen ilues are available for the 
hemicals and mperatu in 


question 


Various dey no ily the Straub Degassing Con 


denser, have provi | efficient degasification How 


with the adver yin 


ol corrosion 


ever treatments for inhibition 


devices have not eliminated 
interferen i! 953, the 


Analyze 
| 


degasification proces na been 


steam 
ind 


extensively to 


Larson-Lane 


Tine 


Purity hydrogen exchange 
used 
measure steam puri ie presence of amines Es 


sentially, 
itmospheri 


this method nsists of condensing steam at 
issing it 
ind to 
of recording the 
While it is 


hydroxide and car 


temperature, of | 


through a hvdri 1 xchanger to remove amines 


convert boiler wa t icids, and 


conductivity i | tiling water temperature 
recognized th | uctivity of 
ind reboil proces 


bonate 1s hang 


ther boiler water 
materially 
The 


record ¢ 


increas 
method 
leviatior 


the 
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deposits in turbines and that the current conductivity 
techniques were insufficiently sensitive for such detection 
These 
proved techniques for the recording and interpretation of 


factors have stimulated the development of im 


conductivity measurements 

lata on the of the 
now possible to calculate the mechanical carrvover in the 
the the 
cm at 98.5 ¢ boiler 


Using the conductivity acids it 1s 


conductance of steam (in 


the 


steam trom specific 


micromhos and water anion 
concentrations 
that 


absolute value of dissolved solids in steam applies only to 


It is recognized this method of calculating an 


those cases in which the entire boiler water constituents 
in their 
tested 


when 


Satine 
Such 


mechani al 


proportions become a part of the steam 


conditions would be expected to occur 


boiler water carryover occurs Sunce 


the steam purity tests reported in this paper were con 
boilers ot 


ducted on steum from 


320 


maximum pressure ol 
different 
stituents distill over in different proportions than in the 
At higher 
pressures and temperatures evidence has been presented 
that occur. When 
data becomes available on the distilling characteristics of 
boiler the 
used for calculating the dissolved 


psig, vaporous carryover jn which con 


original boiler water would not be expected 


indicating volatile carryover does 


water solids, conductivity information on 


then be 
of such steam 


acids may 


solids 


M. E. Gilwood and J. G. Mack, The Permutit Com 
pany, presented the paper ‘‘Considerations Regarding 
Demineralization and Flash Evaporation of High Pres 
Makeup Water 
a suitable process was developed, utilizing 
that 
a water having 
Phe 
pointed out was the unproved heat rate obtainable when 
Phe heat 
tained on evaporator cyclk mainly by 
the the the 


third or fourth extraction point of the turbine for passage 


sure Souler Demineralizing was 


adopts d once 


strongly basic anion resins made it possible to 


produce economically a low electrolyte 


and low dissolved silica content main advantage 


employing demuineralizing rate ob 
the 


degradation ol 


poorer 
was caused 
steam drawn from either 
through the evaporator. The loss in heat rate caused by 
this degradation of the steam in such cycles was presented 
The 


demineralizing over evaporators was that for the 


in an earlier paper other major advantage of 
first 
time 1t made readily available to the power plant engineer 
a high quality water for the plant startup 

Im the 


have been 


past few years the 


evaporator manulacturer 
the disad 


make more 


endeavoring to eliminate major 
them 


evcle in 


intages of evaporators in order to 


icceptabl tor 


high 
The 


ipplication in the regenerative 


pres condensing turbine 
fla h e\ 


CyTTi¢ 


ure typ power plants 

wunuproved 

this 

of steam in these evaporators the steam is 

the first extraction the turbine at 
rhe flashed vapors are condensed by pa 

r through « lensing 


the 


with 
ior 


iporator steam separation 


promise purpose To minimize 


point ol 


coil 
condensate 1 passed 
— 


of flash « 
nt of makeup water suitable for high pre 


iporators 1S an 


ure, 


team turbine plants It minimizes one of 


sadvantages of submerged tube ev iporators; 
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the considerable increase in hea te encour d is he closing paper by Myron B. Golber, Armou 
submerged tube plants Flash evaporator th | hav é ielptul da on Departmental \llocatior 
appreciable application especially o ppn ility Ci he usual appr 

Demineralizing ippears more suitabl nm thi water ' nents in manufacturing or 
having less than 500 ppm electroly nineralizing is to | xpenditures alloc 
offers good treated water quali nd ay ul ‘ ol us Cr by fixed perce! 
bility of water for startups at cleanuy Mo x ice department concept of distributin 
perience data is awaited or I 
Editors note: <A 
Lo Vultistage | 
Power Conterence 
LSSue 

en where 

f utility expel 
, : there is frequently another in 
Industrial Plant Savings that utility expenses rise and fall it 


G. R. Chadwick, Consulting Engi: with a pap n merease or decrease of plant 

Conservation of Utilities | h ta) ul easonal effects, utility expenses do rise whet 

opened an interesting industrial plat ‘on entitled s, and drop when plant production falls 
Economics of Power Plant , son Almost all of no means in same proportion 

the plants would come clos Ib per ho MK) When investigation has been made into the actual 

psig or so make up of the utility expenses, so that proof is obtained 
Mr. Chadwick made t! - — = that they do nm yp or rise in direct proportion to 


that there isn't a plant i nates whe: t pos changes in plant production, the magnitude of 
to save utilities. While in many i , nn cast off di or non-variable portion of these costs has, in mar 
ing the necessary worl - lig) : n been startling Che fact that these ex] 
enamel saved. there are manv | narti vary im proportion to production can 
the small plants, where th Wink biliti ’ y» brought out in industries where air « 
high in relation to ennai auir : trigeration requires that humidities or 

While emphasizing the importat oppin mal] m™maimtained in freezers, coolers, or 
losses, the author felt it well to poi 1? same com , even when processing not taking 
fallacies in what he considered the fuel saving number of Armour plat have shown ba 
One otf the common fallacies is th in itsel ’ irom 40 to 60 per cent ot ul utility 

in appreciable fuel wast tal the | nN In starting allocation of utility co 

loss in smoke is so small that it is 1 nsid study begins ts usually a recapitulation 
computing a heat balance: Frequent! } is m in itermzed listing th penses of 
more fuel going to waste from stach hat are is Recapitulations o pense 
the mountain air as there i rom | hing ounting departments are frequently u 

In sunilar vein the author | d with critica Dot might be called the ingredients of u 
the advertising messages f{ oot removal d ; water penses hat is, fi xpense 18 shown, 
scale penalties The i moral of Mr. Chad pense 1s not listed. Purchased electricity 
wick’s paper is that econo in engineering is a painstak lumped without regard to the departmer 
ing task requiring ki dg icl nor are the accountants usually abk 

R. H. Bradford, Ebases i In ‘ on tl breakdow1 Water ex se is show? 
subject “Controlling the Cx f Flectricit r Indi the cost of pumping from wells or otl 
Plants If a plant man is purchasing electric po ples 1s hidden in ele 
there are two things mat ' ' , is Stated, but not 
rate, the proper o1 ( Te is th ‘ \n a\ 
rate the | 


owest possib! | uc recul . hannel commod: ties 


| 
termine it und at , ' ll the pe 1 costs separately, and then combined), cold 


\s to the first, that is n imp! but thers vav tod each pressure Ie ctricity (purchased 


pany mdustrial salesmat spol ke t TT count and waters (usually sep osts tor each temperature 
have him check the applicabili the rat ind frequently a sep st for a non-potable supy 


Che foregoing, \ lford iz ; lly condensit r othe il purpose), refrigerati 


least productive of al vs to control ul usually separated system, or suction pressure 


power cost What shoul me t heck on nd compressed air Occasionally, hydrogen o 


‘ 


ducing losses in the wiring svste1 ntrolling ras generating plants are assigned to the power plan 


demand by scheduling operatio1 either preven erators tor handling, and then costs also n 


the building up of unnecessary peal rb 1 I lor these 

loads to “off peak 3) checking ing o1 1 I first step 1s to allocate to each utility con 
and shifting motors to be sur y Of the expenses, or portions of a combined expense 

point of best efficiency, ontrolling and policing with which is should be charged. A good place to start 
ations to ensure that motors, heaters, ligh is with the incremental expenses; that is, those which 


when not being used or needed when vou reasonably mav be expected to vary with plant produc 
ning new equipment use electrical facilit tion level 
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Abstracts from the Technical Press 


Abroad and Domestic 


(Drawn from the monthly Technical Bulletin, International Combustion, 
Ltd., London, W. C. 1) 


Fuels: Sources, Properties 
Preparation 


A Correlation between Helium Den- 
sity and Hydrogen Content of Coals. 


39 


The Composition of the True Com- 
bustible Coal Substance 


Ke 


" 13 


New Calorific Value Formulae for Bi- 
tuminous Coal. \ ; } 
0,12 (N 


e rie 


Coke Combustion and Coke Reactiv- 
ity. M. I rol 


UU 


if 


Coal Storage. 
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Hydraulic Transport of Solids in Pipe- 
lines. Redeker. / er? Hebe 


Heat Transmission with Boiling. G 
| mmer nN \ / i YoU 5 


14) 


Transient Natural Convection from 
Vertical Elements ] 
Pret - 


Steam Generation and Power 
Production 


A Survey of P-V-T- Data for Water in 
the Critical Region. |! Nowak 
R. J. Grosh and P. E. Lill 1S) 


Smoothed Pressure-Volume-Tem- 
perature Data for Water in the Criti- 
cal Region Derived from Experi- 
mental Measurements. E. S|. No 
wak, R. ] sh d Lille 

iS V Preprint No. 60 ) OK 
Aug 13 pp 


Data derived from Amer 


ian and Czech measurement ! 
hical method 


ures trom MMM) to 1O0O0 


are presented 


0030 to 0.12 cu ft 


volume of 


ind temperatures from 690 to j i 


The Equation of State of Heavy 
Water on the Basis of Experimental 
P-V-T Data. \ M Mamedo 

‘ 7 i ‘et 7 “~ | t 


The Viscosity of Steam and Water at 
Moderate Pressures and Tempera- 


tures. | k Moszynski ASM 
Prep ( )-H 9 1960 (Aug 


PI 
water ha 
40 atu 


Phe viscosit 
measured fron 
86 C, that of 


atti and 137.5 to ; 


New Tables for the Specific Volume 
of Water to 1200 ata and 300 C. G 
irukhanian BI 1960 
Ne 199-8 
ie table 
tion il 
Drampofl 
, Remisot 
Tul 1-12 


Development Trends in 


Steam Generator Design. I! 
| (ject 


German 


under c 
problem in Germ 
of operating durin; 

) per cent of full lo: 
two boilers to one turbine are of 


ipreferred. The application of tem 


ature above 100 |] 


de pe nds on 
inical developments and econom 
only a few plants with steam tem 


of 100 F and above are 
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BOILER WATER... 


DEOXY-SOL 


Fairmount DEOXY-SOL, a solution of 
hydrazine, is a high efficiency oxygen 
scavenger designed especially for 
high pressure boiler water treatment. 


DEOXY-SOL removes oxygen, reduces 
oxides and raises pH of the conden- 
sate all at the same time... yet adds 
no solids. 

Stocks in Newark, N. J., Chicago, 
Ill., Los Angeles, Calif. Investigate 
its advantages for your system. Write 
for Bulletin BW. 


Fairmount 


’ 


CHEMICAL ome) 


ible that 
00 mw 7000 


multiple reheat 


gas turbine ¢ 


Development? Trends in English 
Steam Generator Design since 1950. 
nel Witt | GB No aa 
910 (in Germar 
of the electricit uy 
it the time of nationalisa 
ned and the reasons for the 
d power sta 
1950)- 460 pre 
s of boilers from 180 to 
mill burner 


} 


handling d 


plant are 
ntroduction of forced-flo 
11 


pecial ho operating it 


discussed 
dificult to 
uncertattr 


neratior 


Development Trends in the Design of 
Steam Generator Plants of the French 
Public Energy Supply. Y. Test 


Viti Kk N OS O80 Oct 


tubular 
iters and re 


1ulti-tubse 


Development of the Benson Boiler in 
Germany. R. Mutke 
“40, 35 


sented 


The TPP-110, a New High-output 
Boiler. \ ~ Patvchenko. I N 


} 


Boiler Blowdown. 


i’, 


The various metho 
the determination 
; 


be blown dowr uf 


illustrated by an exampl 


Liquid and Gaseous Fuel Firing 


The Economic Combustion of Sulfur 
Containing Fuel Oil, a Means of 
Avoiding Dew Point Difficulties in 
Boiler Operation. laub Mitt 
V.G.B. No. 68 
in (serman 
Severe difficulties in the operation of 
vlers fired b hea uel oil with 
high S content 
rede sgn of 
sulted in rar 
combustion with 
Part of the air 1 
tl a core ilf 
velocity parallel 
without swirl 
flowing 
CO 


| yund nece 
ers and steel 
img suriaces 


pre heater ha 


Water-Side Corrosion and 
Water Treatment 


Present-Day Feed-Water Treatment 
for High-Pressure Boilers. | 
Hamer Pro Inst u 
1960, 174 No 69 
The qualit 
industrial 


WM) MM) 
. t 


treatment m 
mtrol of ste lf \ oncentratior 


Possibilities of Application of Filter 
Aids in Water Treatment. HH. Har 


fees 


Corrosion of Boiler Tubes Subjected 
to Temperature Changes. D. \ 
Kagan and L. S. Zhuravk Tet 
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forced flo 


Gas-Side Corrosion and Deposits , FILTRATION, 


An Aspect of the Corrosion of Mild 
Steel by Combustion Gases 


A. J. Macnab and 1 Be @ , CHOOSE A 


wm ® ClaRite 


Electro Precipitators: Practical De- 
sign Aspects. |. ! Inst 
Fuel 1960, 33 (N« 


Precipitator 


Considerations on the Usefulness of 
Application of Electrostatic Precipi- 
tators and Mechanical Fly Ash Sepa- 
rators Upstream or Downstream for 
the Cleaning of Flue Gases. RK. |! 


Heinrich fi R AR 


/ ndergoing laboratory testing at ¢ roll Re ynolds one of the ClaRite 
‘Wedgewire’ filter elements for three 415 square-foot units designed 


to filter condensate in a high-pressure generating station 


A ClaRite filter removes particles down to 1/10 of a micron by 
the precoat method — saves you money and floor space too 


This picture offers proof of precoating efficiency that no other filter 
tube can match. The ‘Wedgewire’* tube is 9 feet long by 2% inches 
in diameter — yet it retains an even precoat over its entire length. As 
the effective length of the filter tube increases, the number of tubes 
needed to meet filter area specifications decreases proportionately 


Q.E.D.: Fewer filter tubes are needed in a ClaRite 
filter assembly and the pressure vessel. may be smaller. 
Note: Experience with Shot-cleaning You save three ways — on installation costs, on the cost of 
Plant rede eg r kK - the pressure vessel, and on floor space 
Another feature of a ClaRite filter: It can be cleaned effectively and 
completely by the backwash method. Disassembly is not necessary 
A ClaRite filter has no moving parts. Rugged, permanent filter 
elements, heavy duty construction and high quality accessory com- 
ponents slash maintenance costs and permit operation at extreme 
pressure drops. ® The exclusive design of the ‘Wedgewire’ element as- 
sembly allows faster flow rate than other types of equipment of equal 
area. ® For a booklet describing the ClaRite filter, write to the Croll- 
Reynolds Engineering Co *Croll-Reynolds’ trademark 


Note: Experience in the Cleaning of Croll-Reynoilds 
Economizers on Power Station Boil- Engineering Co., inc. 


ers by the | Shot-cleaning Method. 1122 MAIN STREET, STAMFORD, CONNECTICUT 
t 1 ard . } ' Representatives in principal cities 


I 


COMBUSTION May 196] 





CC] ; 


4 


, 7 
tne 


aw 


ASME Power Boiler Code 


Reliance reminds you of an important rule 


Remember that the Boiler Code requires the use of two water gages per 
boiler on installations operating at 400 psi or over (Par. P-291). You can 


comply 


l 
2. 
3 


by using one of these combinations: 


provide two water columns, one at each end of the drum —a gage on each 
one water column having two sets of gage connections; use “twin” gages 
one column at one drum end, and a direct-to-drum water gage assembly 
at the other 

two direct-to-drum assemblies, one on each end of the drum. 

use one conventional gage, either direct-to-drum or on water column, and 


two manometric-type remote gages (the Reliance EYE-HYE) if operating 
over 900 psi. (Case No. 1155.) 


‘The combination you choose needs only to meet connection rules of the Code — 


besides, of course, the use of column and gage equipment of adequate capacity 


and conforming to the general rules of the Code covering materials and welding 


You can be sure of complete safety 
and Code conformance when you 
specify Reliance Water Column 
and Gage Equipment. It has been 
accepted as “standard” by boiler 
manufacturers and consultants for 
75 years. Standard and custom-built 
products for every pressure range 





Check with your consultant, or call 
in the Reliance Representative for 
your area. 


bowed! bes 


“ 
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Above — single window 
welded direct-to-drum 
gage assembly. Upper left 
— double window unit. 








THE RELIANCE GAUGE COLUMN CO. « 5902 Carnegie Avenue, Cleveland 3, Ohio 
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960, 33 
ot-cleantt 2 st 1 and full 
iutomatic control gear at Battersea 
wer station are described It is 
estimated that the regular on-load 
cleaning of the economizer will lead 


ol 1.1 per cent 


Further Corrosion Tests on Materials 
in Regenerative Air Preheaters. |. F 
Barkle H. Karlsson and C. F. Stark 
[ S. Bureau « | Report No 
4y 1959, 2S 1 

Field tests were made on the rate 
of corrosion of 30 materials used in 
ur preheaters under regular operating 
conditions, and the buildup of de 
posits was observed [Twenty-three 
materials were tested with coal as the 
fuel on an underfeed stoker and seven 
with oil, including a short period with 
pulverized coal as fuel The plant 
equipment is described, and pertinent 
plant operating data are tabulated 

From C.E.B.G Digest 1960, 12 


10 Lob 


Power Generation and Power 
Plant 


Central Station Design Survey. 
Ano Power 1960, 104 (Oct 161 


he annual review of units planned 
under construction and starting 
tio It is now predicted that 


will grow at a rate of 5 


innually 


Industrial Plant Design Survey. 
(non Power 1960, 104 (Oct S9 
LOS 
rhe annual review covers electrical 
stems im conditions, fuels and 
boiler and turbine 
livided into plants 
31 Combina 
is still preferred, 
firing by underfeed and 
spre ider stoker declines More mall 
than larger boiler size ire being in 
talled and electric combusti 
trols are on the increase 
The Supercritical Power Station Unit 
Asserts Itself. K B | 
1960, 12 (Nov +! 
\ brief illustrate 
unit in Breed 
rated at 450 mw 
175 mw 1s gr 
is S500 Btu 
hcrency 1) pe 
u ft* kw 
1 pressurt 
nd Russian 
(00 mw 
1050 I if 
British an man units in 
operation or on order tabulated giv 
ing output, pr ur temperature, 


turbine output and bi r supplier 
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Aberthaw Power Station 


Korneuburg Power 
noine 210 


his 
if 


Dat 


A Coal-Fired Thermal-Storage Boiler- 
house. Anort Pp ng? 
60, 55 (2 


Ait 
vi 


“continuous analysis of the dissolved 
oxygen in boiler feedwater?” 


“Sure... and without any scrubbers, 
chemicals or tanks of gas.’ 


’ 


This is the Hays Dissolved Oxygen Analyzer to measure in the parts 
per billion range. Built-in calibration check . . . simple construction 
... low maintenance . . . accurate—full-scale range as low as 0 to 20 
ppb... unaffected by DO scavengers. Reduce your corrosion problems 


Developments in the U.S.S.R not caused by dissolved oxygen in your feedwater. 
a. 28 


r details 
B62! 
MICHIGAN CITY, INDIANA 
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DO SECOND BEST 
MORTARS 
REALLY 


COST LESS 
THAN 





SUPER 
“3000? (eee 


Y a 
Wai RY & INSULATION CORPO 


TREE yor s 


NO, and it has been proved hun- 
dreds of times. Initially you may 
pay on the average of 3/10¢ more 
per brick for SUPER +3000 protec- 
tion.* But here’s what you get: 


Maximum insurance against expensive 
joint failure and down time 

Maximum insurance against high main 
tenance labor and brick replacement 
outlay 


When a second best mortar fails because it 
can't take rough service, the cost is always 
many, many times greater than 3/10¢ per 
brick. The second best mortar is therefore far 
more expensive than SUPER #3000 


More than 25 ye :s of service reports have k 

proved that SUPER #3000 costs far less in Siitescnen ta eee 
the long run pewry ty 4 
the “NO EQUAL 


SUPER #3000—the “NO EQUAL MORTAR” mortar, is about $17.00 


per ton, or 3/10¢ per 
is the lowest cost insurance you can buy brick 


Write for SUPER #3000 SERVICE REPORTS, 
TECHNICAL DATA, FREE SAMPLE. ‘ 


REFRACTORY & INSULATION CORP. 


124 WALL STREET © NEW YORK 5, N.Y. 


Sales Offices ond Warehouses: Chicago, ill.; Cleveland, Ohio; 
Buffalo, N. Y.; Pittsburgh, Pa.) Detroit, Mich.; Birmingham, Alc.; 
Huntington, W.. Vo.; Bryn Mawr, Pa.;” Westfield, N. J.* 
*Sales office only 


Costable ond Bending Refractories; FURNACE BLOK: 


Monufact f 
vfacturers o Bionkets, Block, Plostic end Fill Insulctions 





between 2nd best mortar 
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Research 
Responsibility 
Results 


' . Pit 
WHEREVER GASES ARE 
CLEANED OR HANDLED... 


Aerotec Industries offers more than a half 
century of world wide experience in engincering 
and manufacturing equipment for efficient and 
economical cleaning and handling of air and gas. 
Single responsibility for complete systems, from 
design to final installation, assures management that 
overall performance guarantees will be met. 


Write for information on the products of interest 


AMEFIOTEC INOUSTIIES 


INCORPORATED 
ExEcuvuUTIve OFFICES ° GREENWICH, CONN. 
Plants at Bantam, Greenwich and So. Norwalk, Conn. 


Canadian Affiliate: 7. C. CHOWN LIMITED, Montreo!l and Toronto 


Divisions: INDUSTRIAL © Electrical ond Mechanical Dust Collectors « Wet Collectors « 
Fans © Fon Stacks « Blowers « Got Scrubbers « Air Prehecters ¢ Curtain 
Dampers 
AIRCRAFT EQUIPMENT «¢ Advanced electro-mechonical equip t for the 
oircraft, missile and nuclear industries 


AEROTHERM © Aircraft lounges, possenger and crew seeting. 











CLAR 


HAS WHAT IT TAKES for induced draft, toughest fan 





service of them all! The Clarage Dynacurve Fan is built extra heavy for 
extra service life. Compact design minimizes floor space and height re- 
quirements. Rugged wheel has 36 radially deep, aerodynamically curved 
blades and tapered rims. Optional wearing plates go where they belong 

on the face, not the back, of the blades. Optional scroll liners are bolted, 


not welded, for easy replacement. Save cost, save space. Choose Clarage. 






Sections of housing and 
inlet boxes removed. 


Dependable equipment for making air your servant 


CLARAGE FAN COMPANY 


Kalamazoo, Michigan 


SALES ENGINEERING OFFICES IN ALL PRINCIPAL CITIES @ IN CANADA: Canada Fans, Ltd., 4285 Richelieu St., Montreal 
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the “Corrosion 
Barrier” 











SINGLE STAGE IRON-COPPER 
REMOVAL TREATMENT 


effective removal of iron and copper formations 
is now possible with Sumco X-15 formula 


(Patent Pending) 


Present two-stage copper removal treatments can now be Sumco Engineering, Inc. is fully equipped to handle any of 
substituted with the X-15, single stage scale removai formula your chemical cleaning requirements. No matter what tbe 
SUMCO research has overcome objections to single stage scale removal problem may be, Sumco engineers are available 
opper treatment by reducing the corrosion rate on the boiler to study your problem and arrive at the most optimum 
surfaces to within tolerable limits. Even with the addition of method of scale removal. Sumco cleaning “know-how” is 
silica dissolving agents to the X-15 formula, safe, fast clean- available to you on a per job basis or contractual basis, in 
ng of high pressure boilers can be accomplished by the new cluding engineering of complete chemical cleaning and high 
SUMCO method. X-15 is a major breakthrough achieved by pressure jet cleaning facilities for industry as well as the 
SUMCO research; another of the many advances in our missile field. Surnco Engineering operates on a world-wide 
twenty years of experience basis 


Engineering, inc. CALOWELL NEW JERSEY 
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FEEDWATER HEATERS WITH YUBA'S EXCLUSIVE MULTILOK CLOSURE are capable in basic design of operating 


Other Yuba products for steam power 
plants include condensers, evaporators 
expansion joints, tanks, bridge and gan 
try cranes, structural steel erection, and 


scores of other items 


at the extreme pressures and temperatures required more and more 
by the power industry. 

The Multilok Closure, a Yuba exclusive, is one of the important 
reasons why these units operate so efficiently and safely in the 
4,000 PSI, 1,000° F range. And Yuba is prepared to produce units 
to handle even higher pressures and temperatures when needed. 
A pioneer in all-welded design, Yuba offers both all-welded and 
bolted construction — a complete and versatile line of feedwater 
heaters tor high and low ranges, for every type of job. When space 
is a critical factor, as many as three low pressure stages can be 
combined in a single shell for a highly compact unit. 

You'll want to discuss both design requirements and costs with 
Yuba heat transfer engineers during plant planning stages. The 
scope of Yuba designs will offer the best solution to your partic- 


ular problem. 


specialists in power plant equipment 


YUBA CONSOLIDATED INDUSTRIES, INC. 


Sates Offices in Principal Cities 














